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Command Policy

The Metrics Handbook

This handbook provides the tools for managers to take that first step toward process
improvement. You may find a striking similarity between this Air Force Materiel

Command (Al—Mb) pamphiet and the Air Force Systems Command (AFSC) Meirics
Handbook, dated August 1931. it was not our intent to remake an aiready successiui
and useful product. mererore we attempted to retain as much of the format and
content as possible. Use it as a guide to help you identify what to measure, how to
measure it, and recognize the importance of not measuring for the sake of measuring.
It will provide you with the facts you need to take charge of your processes and help
you take the right actions to make them better
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Leaders must be dedicated to making things happen. Here, I'm talking about continuous

improvement through leaders who never stop Iooklng for better ways of doing things. By taking
an inventory of our organizations, showing courage and taking responsibility, and being dedicated
to making things happen, we wiil ail be on our way to making today's Air Force even better.
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a. Handbook Purpose:

This handbook is about the world of "metrics"--a world which is often viewed
from many different angles, with many different and varying opinions, and often
with varying levels of belief or acceptability of the metrics concept. In this
handbook, metrics may appear to be personified and raised to a level
supersedmg ail other thlngs--tnat is only because the chief focus here is on
metrlcs metrlcs memcs However, rememoer tney are omy toois; b
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This handbook is designed to help you develop and use metrics. Its purpose is
to provide you with sufficient information to begin deveioping metrics for your
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etncs develooment model alonq
with worksheets to help you qet started W|th metrics. The handbook closes with
four attachments. Attachment 1 is a sample format for an operational definition.
Attachment 2 is a brief orientation to the twelve basic tools introduced in
Chapter 4. Attachment 3 is a glossary of terms helpful in understanding metrics.
Attachment 4 is a resource of references that will provide you with more help.
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c. Metrics - Measurements You Can Use:

Metrics are meaningful measures. For a measure to be meaningful, it must
present data that encourages the right action. The data must be customer
oriented, related to the product or service you provide, linked to the process
generating that product or service, and supporting one or more organizational
objectives. Metrics are also integral in measuring the success of our strategic
plans. We put a plan in place to establish where we are and where we want to
go, and then use metrics to measure our progress towards achieving those
goals and objectives. Ultimately, metrics foster process understanding and
motivate action to continually improve the way we do business. This is what
sets metrics apart from measurement. Measurement does not necessarily result
in process improvement. Effective metrics always will.

d. Why Metrics?

Metrics facilitate and sustain the "right" improvements. Metrics help us
understand our processes and their capabilities so we can continually improve
them. As Belasco points out "what gets measured gets empowered and
produced."! Good metrics will help us "face reality, communicate it, and deal
with it."2

e. Who Needs Metrics?

Metrics apply to any individual or any organization responsible for a task,
activity, system, or process. You can use them at any level in an organization's
short or long-range planning process or in any other ongoing or recurring task,
activity, system, or process. One-time tasks and projects are still measurable,
but the benefits of measuring may not be worth the effort.

f. Government Performance and Results Act:

The Government Performance and Results Act (GPRA) was signed into effect
on 3 August 1993.2 GPRA mandates outcome, results-oriented, performance
agreements and performance measurement as a part of the daily management
process. AFMC's concept of metrics is thoroughly consistent with the GPRA; so
what you learn here will be directly applicable to meeting the requirements of
the GPRA.

GPRA requires more formal, structured strategic planning and measurement
systems to determine how well government agencies are achieving results in
their plans. The focus is on outcomes--how the public is served by the program.
Agencies will develop measures to determine outcomes and outcomes will be
tested against appropriate measures. GPRA also requires close linkage to
budget submissions. Specifically, the Act requires government agencies to:

- Establish a 6-year strategic plan to include the resources, systems, and
processes that are critical to achieving the goals therein. The plan must
have direct linkage to day-to-day operations.

1 James A. Belasco, Teaching the Elephant 1o Dance, New York, NY: Crown, 1990, p 158.
Perry L. Johnson, Keeping Score, New York, NY: Harper & Row Publishers, 1989, p 111.
Material extracted from A Government and Results Act (GPRA) Executive Primer, 10 Jan 95
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- Set performance goals to include key external factors that could affect
achievement and,

- Report program performance annually.

PR S U

The illpUI oriented Processes us Dy Most agencuas Ioaay must transition into
ich value outcomes and outputs. Again this is

results-oriented systems wh
consistent with AFMC strategic planning and metrics.
g. Metrics and Command Strategic Planning:

As command leadership establishes the long and short range goals and
objectives ort he command, a tooi they use to iink feedback from their pians to
the results is metrics. Metrics are an integral link from the detailed plans at the

lavarnat laviale imnlamantatian ¢a tha hinh Aot lavala Af mlannina~  Tha Anamaes

£
IOWEST ieVeEiS O iIIIPIUIII rauvii w lllU iyiicol ieverS Gi plalllllllu i ne bUllIlllal u

strategic plan starts when the senior leadership develop the command mission

statement, as shown in Fiu“lre 1-1. The strateqic vision for command direction

----- 2 RiVA L AR LN LI MV VIOSIVIE TV v Tuwu

in the coming years is then articulated through a series of statements and
pronouncements which become more detailed as they flow throughout the
chain-of-command. At each level of management, metrics are the dlagnostncs,
created by process owners, which measure progress in meeting command
goals and objectives.

< il a ci
A AYI Rl ~J JAINJuAT s i8] , 1 v llv ]\J
internal and external issues which impact the command both positively and
negatively. They determine responses to ensure the command mission can be

accompllshed Goals and their subordinate, implementing objectives provide
further details for implementing the senior leadership's direction. These goals
and objectives provide broad guidance which is definitized in the command's
strategic plans, action plans, and business plans. Each level of management
develops an implementing strategy on how they will carry our their objectives
and develop a metric which is used to gauge progress in implementing their
pians and strategies. If progress is made in obtaining the desired end resuit for
the objectives, this positive action wiii aiso serve to further the command’'s goais
and mission. In striving to obtain the objectives, each level of management will

examine their critical processes, determine means to improve them, and create
metrics tied to the objectives to track results. The organization's strategic plan
records the command's goals and objectives, their own supporting objectives,
critical processes, and associated metrics. The strategic plan is the glue (not

the metrics) which cements the command's long range visions together from the
command level to the worker level. |t all starts with leadership, but it is the
responsibility of every member of the command to implement the command's
mission.

The strategic plan and guidance cascade throughout the command providing
the linkage and cohesion necessary for a forward-leaning, proactive Air Force.
The strategic planning is repeated at each level of the command: command,

mission element boards, Headquarters directorates and functional offices,
centers, wings, and process owners. As each level builds their strategic plan,
they must work with the preceding level to determine how they should be
supported and flow-down guidance to the succeeding levels. The integration of
strategic planning guidance and cascading of strategic plans ensures a



AFMCP 90-102 1 May 1995 7

/
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/ Mission

/ Goals

/ ........................ ’ \ Individual

\ Organization

/ Metrics

/ ’ \ Product Centers
Air Logistic Centers
Test Centers
Labs

Figure 1-1. Command Planning Framework.

seamless and consistent flow of direction and information. The command's
goals and objectives are formulated by the command's senior leadership
(Strategic Vision) and are cascaded through each level of the organization
("Top-Down" Vision) providing a consistent command focus. Each level
translates the preceding level's objectives and the command guidance into a
plan, objectives, and strategy which can be implemented at their level. These
supporting objectives provide the necessary focus at that ievei while contributing
to the success of the preceding levei. Figure 1.2 iilustrates the cascading

1 L aaiA —_—

technique from the command ievei to the mission eiement ievel.
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Figure 1-2. Cascading Strategic Plans.

While we speak of two separate levels, in fact, they are integrated. The mission
element boards are part of the command board which is responsible for
developing the command strategic vision and strategic plan. The mission
eiement boards coniribute to the deveiopment of the command goais and

objectives. The command plan strategic element provides the "what," or the
comimand's mission statement, strategic vision, goals, objectives, metrics, and
aitiintinnal naancaamant Thna nnnavna Ar nvnniitinn alamanta A tha AAmMmman ~
SitudliiUiidi asS3SCS3iticiit. 11ie aiiineXes, OFf eXeCuuli Sicimiens, WO uie CoimimiainQa
gtrateqic nlan nrn\lirlo the "how" for the nlan. The mission element stratonic
A= i “\V LAV P Al Iwy 1 I LI R A lul 1IN IOV il . ou utvs

plans are mcorporated as the annexes and provide the actual blueprint for
executing and accomplishing the direction contained in the strategic element.
The strategic element from the preceding level (i.e., the "how") always forms the
foundation for the execution element (i.e., the "what") for the succeeding level
(see Figure 1-3). Strategic plan development is an iterative process and
requires a significant amount of communication between levels. Vision/direction
is established at the top and, as it is cascaded each level, determines how they
will contribute; thus plans become more detailed and precise (and not
necessarily iarger).
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iteration is not complete until refinements are made based on what and how the
lower levels can actually contribute.
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Fundamentals

a. What Metrics Are:

Metrics are measures of how well we are performing. This impiies several
things Most importantly, our metrics must be tied to customer expectations and
........... ~ o~ PRSP YU R PP R Mhe o AL e o i e oo

lcquuuulumb DUbUnU a meuic IllUbl comimunicaie llIU feditrl U1 DUl Process.
Third, the metric must distinguish health from sickness. To know what health

means, we must know where we are now and where we want to go. Fourth, a

time dimension and an improvement plan are necessary for true metrics.

For purposes of this handbook, a metric is a measurement made over time,
which communicates vital information about the quality of a process, activity, or
resource.

Measurement is a means to an end: continuous improvement of the way we do
business.

b. Attributes of a Good Metric:
The following are the basic characteristics of a good metric:'

1. It is meaningful in terms of customer requirements.

2. It tells how well organizational goals and objectives are being met through
processes and tasks.

n | PP SRy Py I [y [ [y Py [N (PR Ry ISR oy By iy
J. ILIS Siipie, urnaersidiiadoie, |Og|(:d| dll(.l repe dpie
A It chnwe atrond 1o maaciirae avar timao
. 1 ONIvWwWO a Uuciig, 1.G., 1Hicasuico UvVel ulic.

6. Its data is economical to collect.
7. ltis timely.
BUT MOST IMPORTANTLY:

8. It drives the "appropriate action."

1
Derived from the 26 Sep 90 AFSC Commander's Staff Meeting handout
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c. What Metrics Are Not:
Metrics Are NOT merely:
Q arts. Charts may graphically display the results of a metric. However, the

art itsalf is not the metrig
LA~ AV W2 1IWL LIV IVl w,

2. Sgn_egujg_s Some forms of schedule can I dt good metrics, but usually

nnnnn _JA.-...-.AL:...‘ PR, .y

chedule does not provide information that by itself will lead to proces
|mprovement

. Goalis, Objeciives, Sirategies, Pians, Missions, or Guiding Pnngnples Most of
these can be measured, but as stated above, the metric is not by itself the

An AnA PUPN PN

end. It is a means to an end -- achieving objectives and goals through
continuous process improvement.

_x_ £ A _a'

W Counts of acuvny can resuit in meII'ICS but jUSI because
you have statistics does not mean that you have a measure that will drive

nnnrnnr-nl-n nnht\n

pMIUMIIale avl

Ul
. S_aasﬂo_ts_o_me_t_mejlams_me_asmgs as displayed in pie charts, stoplight
ormation. bomparlson of status over

gl
~ PR P TP P P P Py IR
e

\ ery wp IUVBI dlIU UUEb not prowoe

-

llu

U‘i

w

:Fh.

Q
Q.

[8;]
—=

:I'
ml
<
‘<
=
(]
—
=
[¢]
:1‘

in order for today’s managers

their management perspecrlve

p utting their customers first. in the past
managers often concentrat d )

performance measures or management

green indicators, etc.)--n
information was feedback of what has already happened. Although this type of

information may be necessary, we must make a paradlgm shift to sust_a_ln the
quality improvements needed to ensure our future viability.

Traditional Measurements Are One-Dimensional
Focusing Only on OUTPUT

PROCESS

Figure 2-1. Output Only Perspective.



We no longer can afford to consider just output or production numbers. To be
competitive and drive the right improvement behaviors, we must plan, manage,
and measure progress predicated on the Mission-Customer-Product-Process
relationship shown in Figure 2-2. [Note: this relationship is depicted sequentially
ieft to right from a production/service perspective]. We want to focus on the
entire Customer-Product-Process reiationship as one system and how it serves

to meet mission fGQUITeméﬁIS To do so we must Degll’l with the cusmmer——tney
are the ones who define quality and product charactenstlcs whnch we, the
A th
\V ]

@
: I\IJ
n

=
3

5@

2]

the most effectlve and eff|C|en t manner possnble, while striving for ¢
improvements which are in the best interest of both the customer and t
“overall” organization.

(o]

3

=

3

c
—~ QO
T C o
2]

Based on the Customer—Product—Process Relationship,
Modern Measurements (METRICS) Focus on the

Entire Relationship (OUTCOME)

PROCESS PRODUCT CUSTOMER

Figure 2-2. Outcome-Oriented Perspective.

|n|ng who your customers are, consudenng both internal and

eir level of lmportance to your organlzatlon vvnen aeanng with

1al customers, exercise precautions to avoid sub-optimization. Remember
customers are the individuals you deliver your products or services to and are
seldom your supervisors or superiors; make your customers happy and your
bosses will be happy. Discover your customer requirements, without becoming
a burden; remember surveys are only one of several means and do not have

the flexibility or value of one-on-one communications. You and your customer
must not only agree on what you will do for them, but also on what you won't
do--in this day and age of limited resources you can't do everything. This is an
iterative process; things change; today’s desires become tomorrow's
requirements; keep customer communication an on-going activity.

a

The next step is to have the customer define the product character tcs an
negotiate and establish your product commitments. Product is the item(s) or
service you provide to your customer. Your strategic plan is a vital Dart of this
effort. Your organization’s goals, objectives, and commitments provide the

necessary direction and focus to balance your customer and mission
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requirements. Again, be sure to avoid sub-optimization or limit yourself to the
status quo -- aggressively pursue product improvements. Process is how you
build, deliver, and service the product. Faster, better, cheaper is the general
theme, but each must not be improved at the expense of the others or without
the best interesi of the entire organization in mind. This is where mefrics (if

______________ P PR [ U,

) can be used to drive the flgll[ behaviors and

MA—A iem t Alae P P PaY o ] P e et 2o s

a

aual.aul bUIIlIIIUUUb nipIuveli iEiits. IJUVUIUP, uovuuitictiL,, darid lllallllalll an

improvement strategy not only to show where you are trying to go, but also as a
ar ni

histarical legsgong-learnad document
1STO! eg c co er

DAV R R L vy -lu [SERR Ll R EY

Figure 2-3 iliustrates how metrics can focus on the entire reiationship. Two
types of meirics iogicaiiy fiow from the Customer-Produci-Process reiationship:

Effectiveness—measures provide information on how well the product
meeis your cusiomers’ expectations. Hemember the customer detines the

mnialihy Aaharantariatine Af tha nradiiat and if tha Atratamar e nat anticfinA with
uaiily viiaiauviGiiouuvo vi uiov P'Uuu\ll, QAU 1l UIT UUODSLVITTITE 1O HIVL OAQLUIOITuU vwilll

the product (to include all necessary support: eauipment, training,
documentation, service, etc? then you are not addressing the ‘whole
Customer-Product-Process re ationship or taking an outcome perspective.

Efficiency—measures provide information on how well the process
produces the product EﬁlClency measures must address more than just
IIUIIIUUIb plUUUbb‘U GquI bUlIblUUldllUll IIIUbl UE gIVUII lU byblb‘ lllllb' UUIUblb
ger unit of measure, output per unit input, and the other quality measures.
ailor your measures based upon your mission and customer requirements.

PROCESS cusromen

Figure 2-3. A True Metric Perspective.

In many cases it is possible to develop or combine measures of efficiency and
effectiveness into one multi-dimensional system metric. In doing so, it may take
several underlying types of measurements or support metrics to manage your
system. However, your customer-focused metric(s) must depict the overall
health of your entire system (the Customer-Product-Process relationship) and
outcome success.

e. Metrics and Process Variation:

All processes exhibit some degree of central tendency and variation. Assuming
central tendency is focused on the customer requirements, continuous
improvement of any process means pursuing uniformity of output, that is,
reduction of variation. If you do not know the variation of a process and you
change the process, you risk having no effect or making the process worse.

A ] {1 S SN T ST | Y

You wiil be "tampering” with the process rather than systematically making
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improvements. A balance is needed between the fine line of tampering and
inaction. Experience with a process will often provide managers with a "gut-
teel” of when action or intervention is needed. If a manager decides to act (with
a feeling that he/she may be potentially tampering) a systematic metric is stiII
nlgnly recommended to document and assist in the process |mprovement effort.

i - e B e PRI - Iy g al. _a — ~ I U |

metric may provide insighis that go Deyono the 'gu1-ree| ar

th mAanass All Aa A~ aiira P A

Ne manager as weil as measuie the success of the process
actions. The discussion of normal and abnormal variation and

ent n
grams and control chartg described in the Attachment 2

VIV R ER V] (S SAR TR R L] B R Y



AFMCP 90-102 1 May 1995 15

theoretical framework of metrics. This chapter deals with the nuts and bolts of
deveioping metrics. First, it prowueb some general metric guidelines aiong with
...... Il mhilacaambi: cammanvemime~ dhha tian AnmAd ;miivmann A8 mAAbeian Thhanm i3
vuvoiall pIiusuplly vuliveiiiilyg uic ustc aiiu puipustc vl Tcuivo. Tricit it
Anonrinne thn AnnAannt Af A nhucsinal "AMatrin Danllamn" wiith A octoan_hiyuv.cton
UGOUIIUUO uc vuli IUUPL vI a pll 21var WIGLUIV 1 avinayv Wikt a olwwp v Al g
process for developing metrics.

b. The "Metric Package":

I-\S HIBIII() ed earuer metrics are measurements used to drlve CCﬁIiﬁUOUS

tha nn#nnhnl tn hanAama mnatrine hait naé Al Thna mact imnartant nark Af vanr
wiC POWhidadl 10 OEeChiMme MeuwiCs, Out 0L an. 11T MOSL HNPONalit pait Or youi
maotrie ic tha intirnav van amharlk 1inan ace vnii davalan and maintain vanr matrie
THINZ LIV 1O LI jvulll\l, ,vu s T IRJCAN IN urlvll LAV ,vu UVVV'VP CATINA TTIRANN BRCATNT E ’vul LR AV AT

- nrovided it is aiven the annron nate level of attention and sincerity our

T Qv

giver r ! of attention an . r
attatude and philosophy will evolve as you recognize the benefits metrics bring to
your organization and its customers. A well thought out and maintained metric
package is vital to your success; it will be your vehicle to recognize opportunities
for improvement and proactively avoid obstacles, as well as to document and
communicate your journey. The metric package is compiled to clearly define the
metric and is what differentiates it from a mere measurement. A metric package
consists of the following three basic
elements: the operationai definition,

Irtemal OPERATIONAL Enough Detail To Make > " . A ’
Understanding | DEFINITION | epedtable, Consstent, the aciuai measuremeni and
| recording of data, and the metric
....... 41 TaAamnanthhae dhnan
' IJI covlIldliVIL. tuyciuici, LHIcoSC
nlamante AAMnNnricn thno maotrin
GiIGILIITIILWO UUIIIPIIOU uio 1nicGuiv
Fim MEASUREMENT | n.. narkana e l:inllrn 2.1 ilhietratac
bgnas wvaa Puvu\uvu, A ¥ lvul A 1 IO LAl O .
| The operational definition is the
7 precise explanation of the process
| i iy being measured. The
o emd | presenTaTON | | = | B measurement and data collection is
e the translation of process data into

h Detail to Comerunicat
Shie Prsewue it understandable and useful

information for the process owner
and stakeholders.

Figure 3-1. The Metric Package.

the transaction of

I
t;nnnl Anfinitinn ia

WH ~ o
f\bbUlUlllg w S
t iChiar GETINIUCH IS

hiincinace th
MUDINITOO L

the who, what, why, when, where, and how of the metric. It must be detailed
w val I dc ent measurement aver time, It

2. i —
“ W. Edwards Deming, Out of the Crisis, Cambndge, MA: MIT CAES, 1986, p. 276.
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also helps internal communication, fosters process understanding, and serves
as a vital step towards focused improvement efforts (the key will be your
improvement strategy). The amount of detail required will vary from metric to
metric, but, at a minimum, it should consist of the elements shown in Attachment
i, Operationai Definition: A Sampie Format.

The second element is the actual measurement of the process. This is the
step of collecting and recording the data. This step is often seen as the heart of
the metric concept, but, in reality, only severs as the translation of data from the
process being measured to meaningful information that will be the basis of your
process lmprovement activities (see Chapter 6). The journey of the “thinking” is
the actuai heart of meitrics; the what, where, and how meirics wiii be used to
sustain continuous improvement.

The third element of the metric package, the metric presentation, has two
parts. The first part is the metric descriptor and the second part is the graphic
presentation of the data. You would normally plan the descriptor and
presentation when developing the operational definition before collecting data

definition the descriptor and the chart should provide enough information to
clearly communicate the metric. These are further discussed in Chapter 5.

c. Getting Started — Generic Metric Guidelines and Philosophy:

At the beginning of the metric process, the prospective metric developer should
first answer (and document) fundamentai questions that focus on the mission-
customer- proa‘uct -process reiationship and how the metric wiii support the
overall mlssmn or purpose of AFMC. Th|s provides the foundation of
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nand a
i). Before aitempting to write a metric there are severai questions we
r e ri

must answer S0 we can focus our atiention in the right area. Deveiop and
Adanmiimanmi hhn manaldeio aamand Lo A acavamitmm o Lallaicimm mecandiama.
UULUITITIL UIC 1NHCUIC CUIILEPL Uy alIDWETITIY UIC TUHTUWITIY ueSuuiD.

W
Who/what initiated the requirement for this m

Why is a metric needed?
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What must we excel at to meet the customer's requirements?

Are the customer requirements/expectations consistent with our strate plan?

=g i LR R

('D
1’)

How do customer requirements tie or link to our product/service?

Which process supports those products/services?

Will the metric measure one of our organization's most important nrocesses?
Is the overall process understood well enough to avoid sub-optimization?

In the area proposed for measurement, can we continue to improve and create
value? (Innovate, Remove Constraints, Educate)

Who will use the metric to make decisions and what type of decisions?
2). Some questions to think about now, but answer thoroughly iater:
How will our metric link to and support our strategic plan?

Does our supplier understand our requirements?

Where are the best opportunities in our process to improve product/services
based on customer requirements?

The ultimate question after achieving improvements: How do we look to our
stakeholders, i.e., how do customers, CEOs, stockholders, Directorates,
Generals, HQ, etc. view our organization, our products and services, and our
processes?

3) Next we want to review some fundamental perspectives on metrics and

—_— e A . mf

a few basic characteristics a metric must have to be effective:

eirics shouid noi be Créaiéd just for the sake of having meirics.

Exercise caution when generating new metrics or measurements even for very
worthwhile suggestions. Creating metrics just for the sake of metrics is taboo
and leads to proliferation and dilutes the importance of all metrics.

Oniy measure a handfui of the most critical items.

Remember companies rareiy faii from having too few measures, bui have
falled because of too many. Attempting to handle too many metrics at one
H In
c

A ia imnra sl o man § rndring inataad namarmand
i€ iS innprav I MEWICS insSieaa |||d||dyc|||c||l
maotrine (f

v ivo \'

The metric should address "cross-functional integration.”
Measuring by functional specialty fragments and isolates an organization, thus
porentlauy promoting and rewarding behavior Inat may hamper an

- Py PR - . o . VAPLL ..

ofganization's ability to improve. With

p ;IdIVIUUdI aIUdD dllU yb‘l III
reality may be hampering or even preventing achievement of the
o : N

araanization'e nvarall ohiantivae and imnravemant notantial In addit
vlvulll‘_u‘lvll\l A A YR 1] ] ijvv!.lvvv AL TN Illlvlv'vlllvll‘ Hvtvllklul- \l l’
measuring “cross-functionally” requires fewer measurements
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Take the time to view metrics from a macro (system) perspective.
Balance what is good for the organization versus just your section. The
measures should be designed to pull personnel towards the overall objectives
of the organization.

Metrics should create a feedforward management atmosphere.
This is in contrast to an organization where decisions are strictly based on
feedback type data. We must create metrics to help us see where our
organization is headed, not just where it has been. Managing an organization
with metrics should be like driving a car. We don't drive our cars down the
road by staring in the rearview mirror. We look forward -- concentrating on
where we are going. We choose the best path by looking for those
opportunities and obstacles ahead of us, then we maneuver accordingly,
always trying to improve our position. Metrics should find opportunities and
keep us focused -- use metrics to steer your organization into the future, not
just to track its past.
Focus on Customer Satisfaction--let it drive what you're trying to measure:
cycle time
quality (attributes or defects per unit)
employee skills (improving knowledge, skills and abilities)
productivity (meeting commitments)
Bottomline: Are we developing, supporting, and delivering what we said when
we said?
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rmance, i.e., how many

per product or per end item or service provided. Many corporations
are now using six sigma as their benchmark, which means they are working towards
having no more than 3.4 defects per million opportunities. Recognize that measuring

de t d and work up from there. inciude measures of defects
nar Aridemiid ffha Anictamars maranastihiial Aand Aafasdo mar mrasansncos dnale AR iniby lume
per Vuput (uie CUSIoImier S Ppeispeciive) diila GE1eClS pei piOCESS tdSK OppOoiiuiiity (youi
internal nerspective)
ternal perspective)
To achieve true effectiveness, both measures must be used without sacrificing
one for the other. Metrics pertain to everyone and to aii portions of any process.
Consider all facets of the process: administration, research and development,
engineering, contracting, support data, packaging, shipping, etc., not just

1 Larry W. Emmelhainz, "TQM Principles and Measures: Key to Successful Implementation,” Air Force Journal of Logistics, Summer 1991, p. 35



maintenance or manufacturing. Keeping in mind that the customer defines
quality, if an organization can fulfill the customer's requirements by delivering a
defect-free product, and do so in a timely manner, then cost will also be the
lowest possible.

d. The Steps of the Metrics Process:

This section provides the steps for formulating the metric package and
measuring associated process improvement. Keep in mind that these steps
may require tailoring before applying them to your particular situation.
Figure 3-2 illustrates these steps with an example.

STEP i. IDENTIFY PURPOSE OF YOUR METRIC

It is important to first align your purpose with your organization's mission, goals,
and objectives. These should focus on meeting customer needs and serve as a
foundation for accomplishing and sustaining continuous, measurable
improvement. With your strategic plan in hand, identify and document your
products/services and customers. Address the questions: What do you
provide? Who are your customers?

Define the who, what, when, why, and how of this metric in sufficient detail to
permit consistent, repeatable, and valid measurement to take place. The
operational definition starts with a basic understanding of your process. This is
followed by a precise understanding of your customers' expectations resuiting
from discussions/negotiations with them. You then "operationalize” the agreed
upon expectations by defining the characteristics of the product/service and
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identified the potential metric's criteria, it is essential to determine if existing
metrics or other measurements satisfy your requirements "reinvent the
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STEP V. GENERATE NEW METRICS IF EXISTING METRICS ARE
INADEQUATE
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expectations from an "outcome" perspective. We are interested in those
upstream process measures which drive the final outcome and are key to
making process improvements. The assumption is: if you monitor and improve
process performance based on the customer-product-process relationship (see
Chapter 2‘), the quaiity of the products and services wiil improve. if you need

O WL, S Oy SR A

new metrics, refer to Chapter 7 for a detaiied deveiopment approach.

STEP V. EVALUATE YOUR METRIC AGAINST THE "EIGHT ATTRIBUTES OF
A GOOD METRIC"

Refer to the attributes of a good metric iisted in Chapter 2. if your metric
sufficiently satisfies these criteria, go on to Step Vi. if not, return to Step ii and
correct the deficiencies.

STEP VI, SELECT APPROPRIATE MEASUREMENT TOOLS

Seiect the proper tooi for anaiyzing and dispiaying your data. The "Tweive
Useful Tools" identified in Figure 4-1 are those most commonly used. Other
statistical and non-statistical toois may be more appropriate for your appiication.
tlan wihatavinar vmi $anl in lhhantd Tha ¢anla Ava Aiaaiianna Siivdhar im MNhhAacéar A Al
UOT wilalo vl yuu 1TTI ID VTOL e (00IS dre GIiSCUSSEG ruiiner in wilapliol 4 aliu
Attarhmaoant 2

FwLteAaAvIiniitviiI .

STEP VII. BASELINE YOUR PROCESS

[ T A I . Pu . by o VO U IR | SRR ORI [ WU SUNE. SO §
oldrt bqunlng llll:.'lllb Udtd 1S Serves daS d pdsellne 10r aetermining tie
Aaralil AnAA Anl: £ b AAadt~ A moamiirmmiilatasd AviAr BeemAa o A~eA
vapan lly [0 yUUI |JlU TOO. AON T UIT Udila 1> avlullididaicu uvel ullic adiid
adequately measures the important characteristics of your process. If the
answer is uncertain, examine other possibilities. During this step you should
finalize your metric's operational definition

STEP VIIl. COLLECT AND ANALYZE METRIC DATA OVER TIME

Continue collecting metric data over time. Examine trends. Special and/or
common cause effects on the data should be investigated. Compare the data to
customer expectations, goals, etc. This is the second element of vour metric
package. See Chapter 6 for details.

STEP IX. FINALIZE THE METRIC PRESENTATION

Whean data is available from nrevious ctnnc vou are rnad\/ to degian t atrin

Qvas MU vIvuS b A TSIy lv luuulv

presentation. The descriptor will prowde enough mformatuon to communicate
the appropriate details of the metric. Determine the appropriate level of detail
through discussion with the process owner and stakeholders. This information
should be an abbreviation of the key elements of the operational definition. The
graphic presentation clearly and concisely communicates how you are
performing. This is the third element of your metric package (see Chapter 5).
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STEP X. INITIATE AND DOCUMENT PROCESS IMPROVEMENT ACTIVITIES

Initiate and document process improvement activities in conjunction with the
process owner and key stakeholders. Chapter 6 provides more guidance on
this area. Remember, continuous improvement requires continuous effort.
THIS STEP IS THE MOST CRITICAL FOR YOUR IMPROVEMENT EFFORTS
TO BECOME A REALITY. Remember that metrics are just a means to an end!
That end is continuous process improvement.

STEP Xl. CONTINUOUSLY MONITOR AND TRACK PROCESS
IMPROVEMENT. RETURN TO PREVIOUS STEPS AS APPROPRIATE

Make an assessment of the metric results. When it becomes apparent that the
metric is either no longer needed or does not contribute to process
improvement, return to the appropriate step in the metric development process.

Chapter 7 illustrates one method for developing metrics, along with its step-by-
step mechanics and details.
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IX.
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wINdpPler 4. Introduction to Quality Tools

a. Process Performance:
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This chapter introduces process performance and severai common toois that
will be useful in developing metrics.
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customer needs and expectations. The tools in Attachment 2 will help you
interpret the data you collect. These tools are a bit like x-rays used by doctors--
they help you understand how your process is currently performing.

Recognizing and understanding the variability of your process is important for
systematically improving processes. Why study variation? All processes have
some amount of inherent variation. It is important for managers to understand
and react properly to changes in performance data (i.e., metric trends) in order
to make sound decisions and avoid tampenng At the same time, managers

and process owiiers should aiso be seeking, impiementing, and sustaining
mrAannan iMmAarasamanda CAamn ~f tha Aananmiinnann Aflan nAnnnnintad asith
PIUUUDD IIIIPIUVUIIIUIILD. QU Ul UIT U IIDUqUUIIbUD VILTIT Aaoosuvulailttou vvilli
miciinAaretandina narmal variatinn and/Aar tamnarina with nrarace narfaArmancno
||||\J\JII\J\J’\JL“||U|II3 HIvJInnican VAT ICALIVIT QA IN/ V) luIIIP\JIIIIu LAALN A PIUU\J\J\J PUIIUIIIIUIIUU
are:

e Unpredictabie performance.

e Additionai reviews and inspections to weed out undesirabie resuiis.

¢ Avoidabie rework and/or Scrap.

e Schedule delays.

- I Awrar nradiintivityg

=yvy i PIUUUULIVII.

e Lower reliability

e Higher costs.

¢ Customer dissatisfaction (which, by definition, means poor quality)
Discussion and evaluation of variation typically revolves around a tool called
AAantral Aharie Thnann tAanle Aara halrnéild in AinAanuiarinsas bhaue maoaah variahilibvg in A
vUIHIUu VI viial to 111IGOC lUUIO aAlIT ||Ulplul i UIDUUVUIIIIy HIVUVY 1H1iuvliil valiawliiii "nr a
process is due to random variation and how much is due to unique events. The
control chart evolved out of the manufacturing realm where large run quantities

of the same item were being produced on an automated assembly line. In that
environment it was important that the machinery tolerances d|d not vary
excessively in order to produce uniform products. It was important to |dent|fy
machines that needed adjusting before defective products were produced and
scrapped. The primary focus was to maintain the stability of the manufacturing
process. Today's competitive, resource-limited environment is much different:
we must seek continuous improvements of our processes--not maintenance of
status quo. It is imperative, then, that if you choose to use control charts for

continuous improvement, they must be applied in the appropriate context.
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There are two types of variation: normal variation and abnormal variation.

Normal variation is the inherent fluctuation of process performance resulting
from process components such as manpower, machlnes, work methods,
materials and the work environment. Over time, process indicator data may go
up or down, but you can predict the range of variation with a reasonable degree
of certainty. Normal variation occurs because of "common causes.” These may
be the level of training of individual employees in a process, the reliability and
condition of equipment, procedures normally used, or simply minor random
events. For example, consider driving your car to work everyday. Common
causes resulting in different daily driving times include the day of the week,
various amounts of traffic, time of day, timing at traffic iights, other drivers, etc.

nething unusual or

1
outside the process has ha or example errors have increased

because a manager assiagned a new and untrained emp Inyeo to a critical

THTUIQYU! QOTIyiivvw & ivvey Qg ||.|u||| Ty

process. Sometimes people close to the process can eliminate special causes
without changing the process itself. Most special causes are unpredictable.
Sometimes they are beyond our control (e.g., severe acts of nature) while
others can be anticipated and minimized with contingency planning. Going back
to the example of driving to work, a snow storm in Florida and its impact on

driving time would be a special cause.

e

©
®
3
@
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Common causes account for the vast majority of the variation in a process, yet
frequently managers tend to react to daily fires--many of which are special
causes. Therefore managers need process performance metrics which help

~AL A =l e o g MU S .

focus their attenti Oﬁ Oﬂ ,QQIL], specral and common causes of variation. Fires
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(special causes) still get put out, but continuous improvement emphasizes
reducing the effects of common causes of process variation.

Process variation is often disguised. Therefore, you need to look at your data
and your metrics from several perspectives. The questions you want answered
about your process so you can i :

e What is the short-term stability of the process? Control charts (or range
values) will reveal this.

e What is the long-term predictability of the process? Run charts and
control charts will provide the answer.

e |s the variation normal or abnormal? Histograms and control charts can
help distinguish between these two types of variation.

o What is the best opportunity for improving the process‘7 Where should |

focus my resources first for improvements? Cause and effect diagrams,
Theory of Constralnts and Pareto charts can help isolate and focus your

affarte Ann~IinAan
HUI . r\ccllglllcc
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b. Tools:

Process control tools, such as control charts, are not the only tools which ar
useful for process umprovement. You must decide which approaches ar
appropriate for your applications. The tools most commonly mentioned in the
quality literature are control charts, run charts, flow charts, cause and effect (or
fishbone) diagrams, histograms, Pareto diagrams, scatter diagrams, check

sheets, Theory of Constraints, reengineering, and benchmarking.!
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Above (Figure 4-1) is an illustration of these twelve tools. Of these twelve , run
charts, control charts, and scatter diagrams show process performance
information over time. The other tools help you identify problem areas and
focus in on an improvement strategy. There are many more tools, available to
the interested user. Table 4-1 should help you determine which of these tools
may best apply to your situation. Those who understand the process are in the
best position to determine which statistical techniques to apply. Before using a
tOOI you shouid take the time to understand it. |'viany courses and books are
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dicated IH Attachiment 4. A gOOG pIdCG io get assistance is your
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Memory Jogger, yallon, BO0OZ Allen, dchnerkenback, Rlemele, €t al.
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Coniroi
Chart

Scatter
Diagram

Flow Chart

Cause &

Effect Chart

(Fishbone)

TABLE 4-1.

OVERVIEW OF QUALITY TOOLS.

Potential Use

To dieplay trends and
10 gisplay trends and

visualize process
performance

To frack and anaiyze
process variability.

To visuaiize & discover
correlations between
variables

To analyze/breakdown a

process into steps,

To identify problems and

potential solutions

Attributes

- Shows time dimension
- Shows trends
- Simple

- Measures process

- Shows time dimension

- Indicates events in or
out of control

- Shows the variability
within a process

- Use to differentiate
common and special
causes

- lilustrates relationships
between two variables

- Depicts dependence or
independence of the
variables

- Clear visual linkage
and display of process
tasks/steps

- Shows relationship
between possible
causes and effects

Metric
Application

- Exploratory
- Observation
- Data over time

- Proper execution of the
mechanics does not
always correlate to
proper use

- Use when process has
high repeaiabiiity &
the goal is stability

- Excellent tool for
manufacturing
applications

- Exercise caution when
attempting to apply to
management
processes

- Normaily a preiiminary
tool to focus attention

- Not appropriate as a
metric without
recognizing changes
in the variables over
time.

- Becomes a powerful
confribution to your
metric when you use
something iike
regression o
anticipate the future 1o
become more
proactive

- Assists in
understanding process
interrelationships

- Can be used to
recognize areas
needing measurements

- Can assistin
identification of where
attention should be
given first

Comments

- This alone is not a
metric

- Preliminary tool; do not
dwell on variations

- Do not confuse CLs
with spec limits or
customer
requirements

-CLs are arithmetically
determined from
actual data, while spec
limits are based on
requirements or needs

- "In control” implies
product is consistent,
yet does not refiect
acceptability.

- Do not confuse this
with a run chart

- The data plot only
shows the relationship
between the variables;
it does pot imply
cause and effect

- A means to begin
focusing attention
when combined with a
cause & effect
analysis

- Be careful to keep a
"macro” perspective
- Add detail as
appropriate/relevant to
probiem or
improvement effort

- Focus on identifying
the root causes of the
problems, not just the
symptoms
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Histogram

Reenaineerina
reengineering

TABLE 4-1. (CONTINUED).

Potential Use

To collect and
classify data

To display data
frequency
distribution

To separate "vital few"
from "trivial many.”

To indicate one or two
significant problem
areas; use when

your original Pareto

To recreate/redesign
your organization
based on the ideal
way processes
should work
(completely
unconstrained by
current paradigms)

Attributes

- Easy to understand

- Good for counting and

stralifying

- Distribution depicts:
range,
central tendency,
vanabmty,

- Form of bar graph
- Clearly displays

relative importance of
problem or conditions.

- A way of “cutting” or
“slicing” data along
different natural or
logical lines

Hhiiadondan o ndda

-HIUSaies paueims of
how the data paints

16 Uald DL

cluster or do not
cluster

Most applicable when:
- Continual
improvements are

NOT gettmg your

The gap between
where your
organization is and

WIIBIE yUUI
organization wanis to
be is too big

- Your organization is
dysfunctional

Metric
Ap plication

- Data collection tool

which supports the
metric

- Assists in

understanding how
single variables affect
the system

I antild haln idantify

- 1 Couia ||e|p ey

potential
measurement areas,
i.e., is this variable a
significant factor

- Assists in identification

of where attention
should be given first

- When frends are

nAddAad tn tha Ahart fin
auucu W iie uviait (il

the right situation)
could be used as part
of the metric
presentation

- Sorts data into groups

or categories based
on different factors
- Valuable problem

isolation tool; uSe 10
zero in on root causes

(diseases)

- Helps reduce mis-

diagnoses

Key ideas to keep in

m|nd when applylng
this tool:

- Design so process

blUpb daie |II IIdlU'ldl
work order

- Combine several jobs

into one (integrate)

- Compress both

T N | Y |

venicaiy ana
horizontally

- Reduce checks and

controls

- Eprore customer-

P T S Ty

suppiier parinerships

- Provide emnln nmnt of

TV IUG St

contact for customers

- Histograms usually
show a number of
occurrences for a
specified time period

DA Aranth Aicnlar,

- DT ul GdlIVU “Ulwldy

multiple time periods

on one chart to
illustrate trend

- Exercise caution in
drawing conclusions
from straight "counts.”

- Often a good iead-in

fnr nrahlam anhs

Wi pruuieini DUIVIIIQ

- Factors may include:
type of ]ob,
equipment,
day of the week,
team,
time,
product,
region,
season of the year

Although we may not
be able to re-engineer
an organization in its
entirety we can and

v iA Anmelindd da o
IIaVU appuuu ne
concepts at the

process level
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TABLE 4-1. (CONTINUED).

Tool Potential Use  Attributes Metric Comments
Application
Theory of Throughput Analysis ~ Throughput Analysis - Methods to focus on When a specific
Constraints To understand a - Helps find the identifying the root constraint has been
process from a process’ weakest link causes of the alleviated, take
system prospective (constraint) based on problems, not just the another system-wide
Thinking Process atotal sy_stem-wide symptoms look and find me '
To determine the perspective. Then - Valuable problem “new” constraint; this
focus your process isolation tool; use to is an on-going iterative
effect-cause-effect . .
relationships of a |mprovemept efforts at zeroin on root causes apprpach to
process/problem the constraint (diseases) continuous
- Helps to balance - Helps reduce mis- improvement
resources relative to diagnoses TOC is extremely
the constraint - Reduces the chance of powerful because it
sub-optimization, readily exposes the
Thinking Process becauie it encourages underlying
’ copcgnt;ates ?" the you to look beyond assumptions and the
Er:rgg;;g?eoeﬁects just your functional silent paradigms
UDE) by findi g area and focus on the which are resident in
(corre();tin)g Ir:(:?gair;es entire system all organizational
networks
Benchmarking  Tomeasure your Helps you recognize the  To use this tool properly, It is important to know
products, services, gap between your you must: industry leaders--find
and practices against organization and Know your operation out who does what
the toughest where it could be - Assess your strengths particularly well so
competitors or Pit your processes and weaknesses you can learn from
industry leaders to against others’ to - Identify the process to them. Butdon't
ascertain your learn without be benchmarked merely copy what they
relative strengths and reinventing the wheel  Study other do; rather it is more
weaknesses Gives idea of where to organizations important to
focus your continuous - Know the industry understand what they
improvement activities leaders or competitors do and why. Then
- Identify who does what look for ways to apply
best those ideas.
Incorporate the best No one will have exactly
practice the method you can
- Understand why itis use--you will most
the best likely need to pull
- Tailor that practice to many pieces together
fit your needs from several leading
Become the best organizations.
- Continue to compare Organizations don't
and evaluate have to be similar --
- Strive to become the only the particular part
benchmark for others of the process you are

trying to improve
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Chapter 5: Presentation

This chapter provides guidance for graphically depicting your metric to
communicate the progress and success of your improvement strategy.

There are two basic elements which make up the Metric Presentation Package.
The first element is a metric descriptor which defines your metric and provides
other essential information about the metric. The "descriptor” is defined in
Figure 5-1 and an example shown in Figure 5-2. It is important to develop the
operational definition as specifically as possible prior to formulating your metric
descriptor. Spending as much time as is warranted on both will pay rich
dividends downstream in terms of reduced confusion and accuracy.

Metric Title

Description:

Briefly and unambiguously define your metric along with the population you
will measure and the source of your data. These and other items of
information on your metric should be contained in your metric operational
definition.

Purpose:
What specifically you are trying to improve

Desired Outcome
The change in behavior that will occur if the performance measured by the
metric improves. Expressed in terms of a positive or negative trend (not a
numerical goal).

Linkage to Strategic Plan :

Identify one or more of your organization's objectives or goals that this metric
supports. This linkage to your organization's plan is essential; this includes
how the metric is meaningful in terms of customer requirements.

Process Owner:
The principal individual who is directly accountable for providing a specific
product/service to the customer(s).

Improvement Strategy:
A brief summary of your improvement strategy to include philosophy, actions,
and results.

Figure 5-1. Metric Descriptor.

The second element of a Metric Presentation Package is a "graphic illustration”
of how the metric tracks over time. The illustration should be simple to interpret.
Some potential tools and displays are introduced in Chapter 4 and are
explained in more detail in Attachment 2.
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In addition to the guidance presented in Attachment 2, a few other helpful hints
are appropriate. Ensure your graph has a title, and both axes have labels as
well. Don't limit yourself to depicting time only on the horizontal or x-axis; you
might find it beneficiai to dispiay trade-off characteristics on the x- and y- axes
and time as a third dimension by the piotted data points as depicted in

~ o~

2's cescnptor) Use a common

Figure 5-3 (the graphic iliustration for Figure 5-
S an x o

marker for each data string such as an x or 0. A common practice is to
Aanotriiat vniir ahart an that imaravarman 4 in ohatsin An MAatiArmAant Mas AnA A tha
LUTIDLTULL yuul Lilail SV Ulal Hipruveliielit is SIuwii as movement up ariu w uive
right” (see Figure 5-3). It may be appropriate to use an upward or downward
arrow to indicate your preference (i.e., what direction on the graph indicates
improvement) for raising or lowering the metric overall in time. If a control chart
is deemed the gppropriate tool, plot the center line and upper and lower control
limits. Remember upper and lower control limits are statistically calculated

based on your process' past performance. These control limits are not
customer expectations or needs; therefore, also include a line to illustrate those
customer expectations.

Description: The production of individual landing gears is measured with
respect to the total amount of time it takes to run it through the depot repair
cycie and the number of defects under the controi of the ianding gear shop
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Improvement Strategy: Establish an Integrated Product Team (IPT) to
investigate potential time-savings opportunities. Examine training
requirements for reducing scrap and rework. Maintain a balance between
speed and defects based on customer requirements. Evaluate progress
monthly.

Figure 5-2. Sampie Metric Descriptor.
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Figure 5-3. Sample Metric Graphic.

Finally, a comment on "Stop Light" charts is appropriate. Management may
wish to assign a color rating or color-code for each measurement period. Figure
5-4 provides an example of such a color assessment scheme. Work with your
customer to establish your assessment criteria early-on, and stick with them
over time. Avoid changing your criteria in mid-stream, particularly to prevent
your colors from going to yellow or red. Remember metrics are for performance
improvement--not to show what a great job you are doing.

Green Achieving commitments or objectives
Yellow In danger of not achieving...
Red Not achieving...

Figure 5-4. Sample Stoplight Criteria.

The assignment of a specific color may depend on the trend of your metric over
time. Figure 5-5 illustrates how to integrate a Stop Light chart into a metric
graph.
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Figure 5-5. Sample Stoplight Assessment.

Your targets or thresholds, if numerically defined, should not be arbitrarily
established. In defining your targets and thresholds, carefully consider your
customer's needs or specifications AND attain a thorough understanding of
what your process is capable of accomplishing. Then, with your customer,
negotiate mutually acceptable commitments in the form of targets and
thresholds. If a color code is also necessary, establish your color-coding criteria
with customer agreement, and maintain consistency in this criteria over time.
WARNING: Aggregating "colors" only masks problems. Remember we don't
"average" colors--this tool is used to quickly isolate problem areas needing
attention--so don't be afraid to report the "lowest" color.

T
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Chapter 6: implementing Metrics for
Process improvement

a. Introduction:

This chapter deals with the task of using data and metrics to systematically
target and implement process improvements, and to then monitor and evaluate
the effect of these improvements. Once you have established your
improvement strategy, begun to gather data, and have a presentation format,
you are ready to take the next, and most important, step in the metrics process.
This is the step of actually using the metric to drive improvement within your
organization.

The process began with the "Top-Down Vision" captured in the strategic plan.
Implementation continued when you and your customers reached agreement on
their requirements. Implicit in that agreement was a commitment to make
improvements in your products/processes to meet those requirements. Your job
is to use fact-based management, i.e., metrics, to achieve the appropriate
behavior leading to the necessary improvements.

Figure 6-1 illustrates an iterative approach for sustaining continuous process
improvement. Use it as a guide for continually taking action based on what your
metrics tell you. Remember a distinguishing factor between taking a
measurement and having a metric is the ability to implement change based on
the accumulated data. Only after exercising the "follow-up" step of
implementation have you successfully developed true metrics and taken full
advantage of them.

Data
stat - ---- > Collection

Follow-Up \

( Evaluation
Communicate
Intention
Intfiate
Action

Figure 6-1. Metric Implementation Cycle.

b. Data Collection:

One of the attributes of a good metric is that the data must be economical to
collect. In addition, the data must be meaningful to process owners and
decision makers who use the metric to drive improvements. The amount of data
required depends on the particular metric and process. One should exercise
caution to avoid tampering when minimal data is available. However this is not
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a sufficient reason to do nothing--one should use whatever data is available to
help focus on opportunities. The data can't make the decision for you--the
decision comes through your interpretation.

c. Evaluation:

As mentioned earlier, every metric package should include a desired outcome.
A fundamental step in implementation is evaluation of where you stand--with
respect to meeting your customer's needs, with respect to corporate goals, and
with respect to the appropriate benchmark. As a minimum, this evaluation
should result in clear understanding of your success in achieving your
improvement strategy.

An important tool in making your evaluation will be your customers’ perspectives
and feedback. Customer satisfaction is paramount, and cannot be over-
emphasized. |t is vital to consider the customers’ inputs in any assessment of
performance and process changes.

Your evaluation may also be based on an assessment of your position relative
to that of others, often your competition (real or perceived). Such an
assessment can be extremely beneficial, but only if a positive attitude toward
benchmarking exists. In the past, military organizations tended to perceive
comparisons with a "report-card mentality." However, a competitive evaluation
may foster improvement by demonstrating the ability to improve a particular
process and by suggesting possible approaches to make improvements.
Extreme caution must be taken if one develops competitive-type measures
within the organization. If these foster competition by pitting one internal group
against another, they can easily promote wrong behaviors (e.g., sub-
optimization, withholding of innovations, etc.) that are detrimental to the
organization as a whole.

The model shown in Figure 6-2 illustrates an iterative approach to managing,
evaluating, and improving process performance based on your metric. This
model is a metric-specific delineation of Shewart's Plan-Do-Check-Act (PDCA)
improvement cycle and an evolution beyond the simpler and more generic
problem-solving steps of "where we were--what we did--where we are--where
we're going." While the three models are very consistent with each other, you
may have to do more than one iteration to complete the "management by
metrics” cycle. Use the one with which you are most comfortable.

1. Review the metric trend. At this point you are trying to get a "big
picture” perspective so don't get hung up on the mechanics of formal trend
analysis. Begin by reviewing your operational definition to remember exactly
what your metric is measuring and what you are trying to accomplish. Then
take a look at the actual metric data. What does the trend data indicate? Is
it going up or down? What is the magnitude of the change? Was the
change unusual? If you had previously made changes to your process,
what effect did these changes have on your metric data? Reactions to
metric "trends" can drive a lot of actions (some of which may not be
appropriate). In order for managers to act "properly" to changes in data(i.e.,
to metric trends), it is important that they understand the basics of variation.
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Sustained
Continuous
Improvement

Figure 6-2. Iterative 'Management by Metrics' Process.

In some situations it may be appropriate to use Control Charts. In those
cases, Upper Control Limits (UCLs) and Lower Control Limits (LCLs) provide
the "arithmetic boundaries" to evaluate whether or not a process is in
control. However, the true measure of success must be evaluated with
respect to customer requirements, not the control limits. In most cases it is
not necessary to use such a formal approach--a simpler evaluation may
adequately lead to "appropriate action." The point is that your evaluation
need not be complicated. In the next step you'll probe the data deeper for
greater insight.

2. Explore pertinent data. Do a first-look analysis to identify process
symptoms. |t is important to do analysis beyond just the metric data points;
consider external impacts on the metric as well, e.g., funding cuts, personnel
reductions, natural disasters, etc. Here you probe deeper into the process
or system to identify more precisely the symptoms causing the metric result.
This step focuses in on the area of the constraint or opportunity to improve.
You should breakdown the metric into its components; identify component
data driving the metric trend; differentiate between special and common
causes; identify specific areas which are excelling; and recognize the
specific areas constraining the process. Exercise caution at this point--resist
jumping to a premature solution without thoroughly understanding the
problem; focus on recognizing the symptoms and contributing factors.

3. Identify root cause or constraint. Now your objective is to identify the
root cause(s) or constraints which underlie the symptoms and hinder the
"make or break" activities. Isolate the symptoms to the "make or break"
activities in order to identify the most consequential root cause or constraint.
There is a difference between symptom and disease. Symptoms will point
you in the direction of the disease, i.e., the root cause. Be sure to always
treat the disease--not the symptom. Many approaches are available for



40

AFMCP 90-102 1 May 199!

(§;)]

identifying root causes. One of the most effective tools is a cause-and-effect
analysis. There are several techniques including Ishikawa's Fishbone
Diagram, Goldratt's Thinking Process, and a simplified composite approach
shown in Flgure 6-3. Begin with a macro-level view to find the

comprising that constraint again looking for the constraining factor ZC at
that Ievel and so on O until you uncover the ultimate constraint or root

RC A L manra naranantiva ab asak Iacal
cause ... Remember to | €ep a macro perspective at eacn ievei
input Outcome
s > "

One typical method
n-

inventory or work-in-process is buuldmg p (e.g. parts or paperwork stacking
people waiting for assistance, anvthing waiting to enter the next activity). St

doololalive, Qv /-

build- -up usuallv oceurs in front of the constralnt Also look for where people or
processes are idle or under-utilized because they are waiting for work from an
earlier step in the process. This would suggest that the constraint is earlier in
the process. The constraint will most often be found between the inventory
build up and the idle activity. Any system is not capable, given the current
resources and set-up, of producing more than the capacity or capability of the
constraint (or weakest iink) regardiess of the capabilities of the rest of the
system, i.e., if the constraint can only handle four customers an hour then the

ko L e A P,

entire bySIBHl wil Ollly be able to service four customers an hour.

When dealing with irue constraints (that weak link or bottleneck that is
determining/restricting the level of process output), you should deal with only
one at a time within a process. Attempting to resolve more than one constraint
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at a time may result in rework and sub-optimization. One improvement will
ripple through the process and may solve (or create/shift) other problems. They
may also mask or offset other improvements, thus wasting resources.

4. Improve the process. This step is often the most challenging since there is
no "cook book" approach to process improvement. Normally, you'll be faced
with one of two situations: the process is basically sound or it is dysfunctional.
In the first case, there is localized opportunity for improvement or repair. Once
the root cause is identified, the repair is usually fairly straightforward. From
there you look for new opportunities to improve. In the second situation, there is
a strong potentiai for compiete overhaui. Reengineering may be required when
muitipie (and serious) deficiencies or inadequacies exist. Exercise caution that
your change is not merely for the sake of change and that your solution is cross-
functional (in the best interests of the organization as a whole).

Once you've gone through one cycie, you are not done. in order to sustain
continuous improvement you must reiterate the process to find new

A vemen L PRy Y

opportunities to upuaw your ||"ﬁpl’0vu nent stategy.

you've determined what to improve within the process, you must take
a propriate a uon to nmplement |t lhere are many sources to draw upon in
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due to your improvements.
As mentioned earlier, benchmarking can be extremely beneficial to an

organization. It allows you to draw upon others' successes to improve your
processes. More lmportantly, it allows you to benefit from others "best
practices” so your organization will excel. Benchmarking involves studying other
organizations that perform activities similar to the one you are trying to improve
and applying their ideas to your process. Don't limit yourself to just studying

your competition--good ideas can surface from anywhere.

e. Communicating Your intentions:

Setting the stage for change within your organization can be as important as
actually making the changes. Before taking action, you should clearly explain to
your people what you are changing, why you are changing it, and when it will
happen. If you have been truly empowering your people, they will be proposing
the changes, therefore eliminating many of the barriers to change.
Communication serves two purposes. First, it educates your people.
Continuous improvements or, in a few cases, new processes take some getting
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used to. Education can minimize the time lag from initial introduction, through
the learning curve, to integration and acceptance. Second, and more
importantly, communication shows your people that you value them as integral
to the success of any changed processes and policies. Explaining your actions
wiii minimize resistance to change and maximize your chances for success at
impiementing change. The degree to which you expiain your actions up front
will serve to achieve consensus earlier than otherwise possibie. Part of ti
PR N PR 1 R VP | . H e H

communication exchange includes updati your improvemen t
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much greater dividends. Besides, good metrics should be able to anticipate
customer satisfaction because of their feedforward nature. You should view
customer dissatisfaction and process problems as valuable feedback and
incentives to improve the process. In many cases, reward systems will require
changes to support customer- and process-oriented behavior--don't punish

people for taking the initiative in identifying problem areas.

5 5

«

®

g. Repeat the Process:

Even now you're not done! Continuous improvement means eternal vigilance.
You'll need to continually monitor your processes to determine the success of
process changes. At this point you have completed just one cycle of the steps
shown in Figure 6-1. You must continually take action based on what your
metrics tell you--they are your guide. You do this by repeating the cycle
(including the steps in Figure 6-2)--"management by metrics" is an iterative
process which requires on-going attention in order to remain dynamic and
effective.



a. Introduction:

This chapter provides one method for developing a metric with its supporting
measures. There are numerous models or techniques for building metrics;
regardless of what procedures you choose, the key is to develop your metrics
recognizing the mission (strategic plan)-customer-product-process relationships.

It is important to recognize that metrics are merely a supporting tool for your
strategic planning. Process owners' actions must be in harmony with the

organization’s strategic plan--they must create and/or have a definitive set of
plans at each level so everyone knows what they are working towards and how
it contributes to the overall organization. Metrics provide the measurement and
evaluation of progress towards those strategic plans.

b. The Customer-Product-Process Relationship:
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perspective of your organization to ensure you develop the "right" metrics.
"Right" metrics are those which are linked via the strategic plan to the CP2

relatlonshlp, otherwise you won't know if your |mprovements are focusing on the
most important customers and products--and what is vital to them.

-°_ =
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ORGANIZATION / - KEY RESULT %
KEY PROCESSES y4 AREAS :
CUSTOMER EXPECTATIONS 75
KEY PRJOCESS I AND SATISFACTION ﬁ é'
QUICK DELIVERY
INPUTS ——t—p| ACTION E-—» Errobuct 1 =B sz J— B
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-
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3 UPGRADEMBLE
W COURTEQUSLY- j
DELIVERED

Figure 7-1. Macro View of Organization’s Customer-Product-Process
Relationships.
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First you must determine who your customers are--ultimately your customer
expectations drive the "right" metrics. To recognize who your customers are, it
may be easier to begin by listing your products; then stratifying into customer
groups according to those products. Based on those products, you then identify
the supporting process and where the customer first enters that process it is

aiso important to discern when and where they receive the compiete
product/service they desire/need.

Creating a macro-level flowchart of the process (you have been tasked to
develop a metric for) will help you gain an understanding of the process.
Ensure the actuai process owner and the right stakehoiders are invoived. You
aiso need to understand any exiernai factors which can impact your process,
eg, suppliers, multiple customer requirements resource requirements

~
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Once you have gained an understanding of your system, i.e., the customer-
product-process relationship(s), then (and only then), begin to focus on that one
customer/product (group) which deserves your most attention (as depicted in
Figure 7-2). This is referred to as customer/priority siratification.

CUSTOMER EXPECTATIONS CUSTCMER
AND SATISFACTION GROUPS

KEY PROCESS QUICK DELIVERY
1 DEPENDABLE

q ||
_IQ_Q

| :
—>‘| ACTION E—> PRODUCT 1 = an
DEFECT. FREE = <l W

%

9

Figure 7-2. Stratified View of the Customer-Product-Process
Relationship.

Once you have prioritized our customers, the next level of stratification is based
on whether customer groups have different expectations regarding the (same)
product. Different requirements will drive different product characteristics or
priorities. Most times you will stratify first by customer, and then by product;
other times you may find it useful to stratify the products first and then the
customers.  Ensure that your conciusions are synchronous with your
organization's strategic plan!

Metrics development actually starts with each important customer's expectations
regarding the product or service. Different metrics may be needed for different
customer groups that have significantly different expectations. Each customer
group helps define a unique customer-product-process relationship which may
warrant separate metrics. Begin the metric deveiopment process starting with
the most important customer (or if there insignificant differences, the one
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Supplement to the Air Force Materiel Command Metrics Handbook, July 1992.
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identify and Stratify Customers
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Figure 7-4. Identify Products and Customers.

Using Worksheet 1, list the major products/services your organization provides
and their corresponding customer groups. Sometimes it may be easier to
recogmze different customers and then try t differentiate the proau015/serV|ces

Y T o P

you furnish them. NeXI, decide the reiat prlomy of your prooucucusromer
group combinations. Remember when seeking improvements, you want to
focus on one area at a time and the most im por ant first! As you “take care of”
the most important customers (products). vou will most likely hn talkina cara nf

PUI WAL VUuOoLwWwilivioo \PIUUUUIQ,, ,uu AAALIEEARLAVIS]S Ill\Ul, N lul\llly wviirv v
many of the others too. Also remember that customers are stratified into groups
based on whether different customer segments have different expectations

regarding the product or service you deliver.

| Product ]| | Customer Group | |Priority/Reason |

Figure 7-5. Worksheet 1: Customer Stratification.

Next, you begin addressing Step 1.3--Define the Process. Now that you know
the customer/product group, you need to focus on its specific supporting
process. Worksheets 2 and 3 will help you gain a detailed understanding of the

process. Two warnings: First, do not try to find the soiution without going
[y PP AT | SN P P N PNy [ a P PR | PR Y PP o ln mcacmcmlae mdlam i lom tmmlim ] A
tirougin te wiioie dpprodclii. oeconu, Kb‘t}p ne wrnoie rgarzduoin it mma w
avoid sub-optimization
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Figure 7-6 illustrates that process owners have external influences that they
must contend with and that their system/process depend on. They take these
inputs and run them through their process and their outcome is the
product/service they provide to customers. Use this perspective when you build
your macro-ievei flowchart.

PRODUCTS/

INPUT
., SERVICES

SUPPLIERS CUSTOMERS

Figure 7-6. Defining the Process.

The following worksheets help you un
E

2
relationships of the process. Figure 7-7 depicts Worksheet u
these for each customer and each of their Drod ucts/services. Begin by

identifying the customer, the specific product/servuce and a descriptive title for
the process that produces it. Then document where the process begins. Take

you understand the im
t:

Customer:
Product/Service:
Process Title:

Process Start Point:

Process End Point:

Figure 7-7. Worksheet 2: Process Boundaries.
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into consideration where and how the customer first enters your system or first
initiates a desire for your product or service. Also consider where the process
receives inputs (e.g., resources, supplies, information, etc.).

The process end point is where the process output (product/service) is passed
on to another process or directly to a customer external to your organization.
Keep an outcome perspective--the process ends when the customer gets the
product/service and the necessary support required to keep it functioning as
originally intended.

Based on each of the products identified in Warksheet 2, vour next task is to
chronologically list the maior steps of the process--remember to stay at a macro-
level. It is not necessary to include feedback loops, decision points,
expectations, etc. For each step indicate where it is performed (performed by).
This can be a person, position, work group, function, department, etc. Also for
each step, list the inputs/outputs to include both physical and informational, i.e.,
those things you receive from suppliers and the corresponding outputs you
produce. Worksheet 3 (Figure 7-8) is designed to help you document this step.

WORKSHEET 3 Process Flow
| Major Step ]| [Performed By | [ Input/Supplier] [ Output |

To fill out Worksheet 3, first identify the major or macro steps in the process.
List the first major step in column 1. After that, fill out the “Performed by,”
“IanJSupplmr" and “Output” columns for that sten. Note that each major step

Sometlmes it helps to recognize that each actwnty or step in a process serves
hean valan: Aalimmlicae ;avamAacanr Ao PPN P I tn A~ Acimmlias 1 Al L mm P PR
three roies: supplier, processor and customer. it is a suppilier in that it provides
inniit tAa thn Nnavt nrannae atnn n nrannaanr in that 4 AadAda valiia A wihat wana
HipuL v UIv 11ITAL PIUUUOO DLUP, a PIU\JUDOUI HI Uil Il auuo valuc v vwilal vwao
niven it hv tha nroviniie ctan and a niictnmar in that it ie a raciniant af innut fram
vl‘\.lll "w v, i Hlv'lvu\l UEVH’ CAT WA LA VWIDLWI T IV T LT itAalL 1L o L |VV|PI\II W n Ivu[ LARS AR N

/ou shouid aiso 'r ave a basic understanding of your process. You
m )

..... ~h

to the secona step.
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e. Step 2:

The second step, shown in Figure 7-9, involves identifying your customers’
expectations regarding your product/service and also their level of satisfaction.
You must look through your customers' eyes to see how they view your
organization's products and services. Here the idea is to ensure you
understand exactiy what your customers expect from you in terms of the
product/service you provide. You then use this information to focus your
improvement efforts and your metrics.

Identity Customer
Products & Expectations Quality : | Process . Process
Customers & Satisfaction b Characteristics : Characteristics Improvement
2.1 Interview Plan
2.2 Prepare Questions
2.3 Conduct Interviews
2A Analura Raciilte
[ =T 4 Hllul’l—c T1ICIOVIlY
Figure 7-9 ‘ustomar FEvnactatione and Qaticfaction
. lsulv . e Wi LW I IWwE l—nvvvtullvu!o ATV WHHLIWVIMMWLIIWVI .
Step 2.1 involves an interview plan. Your goal with the interviews is obviously to
find out your customers’ expectations regarding your product/service. It is
imnartant +n talba tha fima $a Anounlan A Alan 1+ ehnaiilld inAaliida ei1inh thinme ae
nipuiiaiit tv ianc uic unic w UGVGIU'J a |JIC|.II. 1L ON1IVUUIU ITIVIUUT Oouuli ll|lllyb ad
the interview objective (i.e., what is it that you are trying to accomplish), who will
be interviewed, who will do the interviewing, what you plan to do with the

results, how will the results be analyzed, and a schedule. To create an

interview plan you have to consider such thlngs as how many customers you
have, where they are located, and how you plan to communicate with them.

Step 2.2 is where you think about and prepare questions before actual

r\lln\us with vour temers The driving factor is the need to discover vour

stomers’ expé.-tation f d des the qu Y
and ensure they focus on Ilmlted and specific |tems For example dont ask
“Are you satisfied with cost, schedule, and performance?” Instead ask “Are you
satisfied with the cost of Product X?” , “Are we delivering it to you when you
need it (schedule)?”, etc. Be prepared to lead your customer through this area

even to the point where you suggest specific expectations.

uv Qe

Qtan 2 R ic tha artiial rondiint nf tha intarviowe DNDan’t ralvv an ciirvave! The
UI.VH LW I U UAVLUCT UWVITWUIUIVL VI LTIV IV VIV YO NI & l\'l, Wi Al 'v’a- v
point is to facilitate open and honest communication that will lead to doing your
job better--this is often hard to do with a boiler-plated survey sent through the
mail.

Thio inmedimrclme s mdle ] T bl e b e e Al o e ke oL L Lal
1HIS parucuidrl meuiou is pdsea oIl urnng uie nrniporiarice 01 edceil expecidlor
tn narnh AriatAarmar anAd thair Aacmeran A8 candinfnnéinm wibh viAalir mArfarmmanan in ¢hat
W cauli VUoOLUIIITE aliu LicH UUglUC‘ VI satoiaclivri willl yU I pUllUllllallbU "l tiat
araa Firniira 710 ie nna wav tn nnantifv vnanr findinne I+ Aienlave hawn ARonnint
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Likert scales as tools for capturing the spectrum of a customer’s satisfaction and
the importance to him/her of a particular product/service. Worksheet 4 (Figure
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The customer's rating shouid be

Then during the interview ask the customer to rate the importance

7-11) is used as an aid to consolidate customer input during the interviews.
and satisfaction in the remaining two coiumns.

Prior to the interview, list what you believe to be your customers’ expectations in
the first column (you give them the opportunity to modify these during the

interview).

-~

made using the 6-point Likert scaies shown in Figure 7-10. Don’t forget to ask

expectations that weren’t

Very
Important
Very

Satistied

Important
Satisfied

Slightly
Slightly
Satisfied

Slightly

Unimportant Important
Dissatisfied

IMPORTANCE SCALE
Unimportant Slightly
SATISFACTION SCALE

Dissatisfied

Very
Unimportant
Very
Dissatistied

customer!
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Figure 7-11. Worksheet 4: Customer Expectations Interview Form.

Your customers may also have suggestions on how to improve the process. If
they are measuring your performance, see if they will provide feedback, and if
possible, find out how you stack up against the competition. Ask your customer
if they know of others who are providing a better product or service and how.
Understand the relative priority of each of their expectations and their current
level of satistaction. Often the customer can be a good source of ideas on how
to improve.

While these worksheets illustrate this particular method, remember that there
are other types of information that you can and should collect during customer
interviews. This tool works well in quantifying subjective/qualitative judgments
and can be applied to many areas. It also acts as a quick focusing device--
however it is not a panacea and won't find the solution. The data can’t make
the decision for you--the decision comes through your interpretation.

In Step 2.4, you analyze results based on your data collection. Worksheet 5
(Figure 7-12) is used to record the data--you will need one for each expectation.
For each Customer group on this worksheet record the totals within each of the
first three columns: the number of responses, importance and satisfaction

WORKSHEETS Expectation Analysis Summary
EXPECTATION TITLE:
. OED IMPCRTANCE SATISFACTION ~ MEAN ~ MEAN
CUSTOMER GROUP REI;P'!:{BBG m %ﬂ: IMPG;IT)PNCE SA“(SES'K)THCN

Figure 7-12. Worksheet 5: Expectation Analysis Summary.



scores respectively. For each row, divide the total importance score by the total
number responding to calculate the mean importance index (ll); then divide the
total satisfaction score by the total number responding to calculate mean
customer satisfaction index (CSl).

CAUTION: Aithough you compute mean scores for satisfaction and importance,
individual results are often as consequential (if not more) than the mean or
average of many items--particularly regarding satisfaction. You should give
considerable thought to examining individual low scores for greater
understanding. It is very easy to be “fine on average” and still have very
disgruntled customers. If even one customer is unhappy, you should take the
time to find out why! Also be careful about aggregating data so much that any
useful meaning is lost.

Worksheet 6 puts the information from Worksheet 5, into pictorial form. Through
this worksheet you begin to focus on the ‘“vital few” important areas for
improvement and measurements. This tool graphically depicts the relationship
of two aspects (importance and satisfaction) for each customer group. The
average importance and satisfaction scores from Worksheet 5 form a pair of
numbers for each expectation, and are plotted in the opportunity window of
Worksheet 6.

WORKSHEET6  The Opportunity Window
High
o
O
%) Require Immediate “eep Up ine
Z 4 Attention! Good Work
!E -
o
L 3
=
T2
Exvseding Current
Let These Ride Heguiremenis
1
Low 4 2 3 4 5 ¢ Hign
CATICCANTINM
ATV AW VY

Figure 7-13. Worksheet 6: The Opportunity Window.
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Let's examine what the different quadrants of the Opportunity Window
represent.

Require Immediate Attention! Data points in this quadrant indicate that
you are not satisfying customers or meeting performance expectations in
areas that are very important to them. You must improve in these areas!
Work on those nearest the upper left corner of the quadrant first--where
high importance ratings are combined with very low satisfaction scores.
Hopefully these will not be too numerous and thus become the “vital few.” If
there are many, take a hard look at your overall process before going on--
you may need to reengineer. If the expectations tend to cluster, go back to
your customer for help in prioritizing them.

Keep Up the Good Work. Data points in this quadrant indicate you are
satisfactorily meeting customer expectations in areas which are very
important to them. Don’t become complacent -- still seek improvements, but
only after fixing those “Require Immediate Attention” items.
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performance for granted and expected it to continue as the norm. When you
begin to reduce performance, they may realize that those areas were more
important to them than they had thought or indicated. Work closely with the
customer to negotiate levels of performance.

Let These Ride. Unti! yo-, have improv
the customer to a s ry lev these alon
the quality world, you never want your customer to find your performance
unsatlsfactorv—-so as resources become available, make the necessary
improvements (while working closely with the customer). Poor quality in any
area reflects poorly on the organization and may prevent future

opportunities.
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strategic plan and ensure your customers' expectations are in .h.arm.o.n.y with it,
f. Step3

Figure 7-14 depicts the next step in the metric development model--identifying
“Quality Characteristics.” In this step, the vital few expectations identified via the
Opportunity Window, are used as a basis for identifying important characteristics
of the product/service. In other words, what are the properties or dimensions of
the product or service that the customer bases "goodness” on? This step
further expands the “Customer-Product” reiationship by focusing on and
documenting how specific customer requirements reiate to the product/service

PRy S

QUdllIy characteristics.
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: Charactenstlcs

Identify M [ Customer E

Producis & Expectations

Customers & Satisfaction

( Process }

% Characteristics

Process
Improvement

3.1 Identify Quality Characteristics
3.2 Ensure Linkage with
Customer Requirements

Figure 7-14. Quality Characteristics.

Step 3.1 involves identifying key product/service features that are linked to the
vital few customer expectations from the Opportunity Window. For instance, if
the Opportumty Window showed that customers report the product/service is not

being provided in a tlmely manner, a quality characteristic for that
product/service might be “time to provide the product/service after customer
request.” Note the link between the quality characteristics and the customer
expectation.

To further develop the Customer-Product-Process relationship, you use a tree
diagram and, in this step, fill out the first branches. Worksheet 7 in Figure 7-15
is designed to show the link between the vitai few customer expectations
identified via the opportunity window, and the specified quality characteristics of

tha rnrad: lonr:

o i UUUUUbUI VlbU

WORKSHEET 7 Tree Diagram
Customer Quality
Expectation Charactenstlc

A 1

B . 2

n

J

— 4

C 5

Figure 7-15. Worksheet 7: Tree Diagram (Quality Characteristics).

For each customer expectation, you determine what performance or results will
satisfy that particular expectation. Each customer expectation has one or more
quality characteristic associated with it. As with customer expectations, quality
characteristics are defined by the customer. Quality characteristics are those
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summary sheets” (this wouid be recorded in one of the uppercase aiphabeticali
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For example, a customer expectation might be “quality staff

characteristics of the product/service that influence what the customer sees or

process results or outcomes which impact customer expectations. They are the
experiences.
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In another example, consider the manufacture of coffee cups or mugs.
groups: coffee drinkers and coffee cup coliectors.
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Figure 7-16. Process Characteristics.
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At this point in the development process, you should have the Customer-
Product linkage specified and now you need to recognize the Process
contribution to the relationship. In a nutshell, you now move inside your
organization to see how "what you do" determines the product quality and
ultimately customer satisfaction.

To begin Step 4.1, you need to further understand your process--refer back to
Worksheet 3 (Figure 7-8) as a source. Also, a flowchart is a very useful tool
(see Figure 7-17); remember it is imperative to keep the process flowchart at a
macro-level (recommend 10 boxes or less). The actual symbols used to depict
the process is reiativeiy unimpor‘tant (its your prerogative to determine the ievel

of formality)--keep it simple so you can focus on the relationships between the

activities. Expansion of the flowchart maybe required later, but remember the
level of detail and the breadth and depth of the process to be flowcharted
depend on how far you must go to gain adequate insight on process
characteristics. Don't flowchart the whole process if you don't have to!

Customer

Process Fiowchart

{
m (Macro-Level)
Supplier A

PN

|

|

J
/’\
/j\\ - - ;( B )—»Product

D i T

Figure 7-17. Process Flowchart.

Worksheet 7 (see Figure 7-18) is now completed by using your knowledge of
the process (gained in the flowcharting step) to identify the process
character/st/cs whrch impact their respective quallty characteristics. In short,
é the process that affects the quality cnaracrensncw ? /-\rter
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1ate er-case alphabetic blocks in Worksheet 7. Ask yourself: “What
Darts or ooeratlo of the process have the most effect on the outcome of the
quality characteristics?” and “ What portions of the process must we do more

efficiently to improve outcomes (effectiveness)?”
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WORKSHEET 7 Tree Diagram (cont)
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Completing the flowchart and determining process characteristics can become
interactive--a “chicken-or-egg” situation. If you have difficulty developing your
flowchart, ask yourself what process characteristics contribute to the quality of
the product/service. Returning to the staff summary sheet example, process
characteristics that affect the quality of a product might inciude speii checkers in
your word processing system, a tracking mechanism to know where the sheet

n
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these may also help identity your process steps

Another example is the coffee cup illustration. Remember there were two
customer groups--coffee drinkers and collectors. One expectation of coffee
drinkers, expressed in terms of a quality characteristic, is that the cup have
good thermal properties, i.e., it keeps the coffee hot, but doesn't scald the user

when he/she hoids it. Possibie process characteristics affecting thermai
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Input : Outcome
C -

Figure 7-19. Isolating the Constraint.

Here in Step 4.2, you focus on identifying root causes or constraints which
underlie the symptoms and hinder the "make or break" activities (this concept is
also discussed in Chapter 6.) You want to isolate the symptoms related to the
"make or break" activities in order to identify the most consequential root cause
or constraint. There is a difference between symptom and disease. Symptoms
should point you in the direction of the disease, i.e., root cause. Be sure to
always treat the disease--not the symptom. Many approaches are available for
identifying root causes. One of the most effective tools is a cause-and-effect
analysis, e.g., Theory of Constraints and fishbone diagrams. Begin with a

PO
H [}
I

macro-level view D to find the constraint C then take a macro-level view of
the components A comprising that constraint again looking for the

......
.

. . *RC /
ultimate constraint or root cause “--= .

At this point you have identified the constraint that becomes the focus of
improvement activities. Additionally you must decide what are the “critical few”--
those key tasks and activities that “make or break” the process or indicate the
process’ overall outcome success. Continue to monitor these multiple points
and ensure you avoid sub-optimization. Large complex systems may require
simultaneous improvements for independent activities. Don’'t confuse quality
deficiencies and throughput (output) constraints--some customer expectations
may have nothing to do with throughput. Improving quality is important even
though output doesn’t increase. For example, you may deliver a top-notch
product that the customer loves, but the customer dislikes your customer
relations/rapport (e.g., professionalism, attitudes, knowledge, etc.). As you
improve productivity, you can simultaneously make other quality improvements.

When dealing with true constraints (that weak link or bottleneck that is
determining/restricting the level of process output), you should deal with only
one at a time within a process. Attempting to resolve more than one constraint
at a time may result in rework and sub-optimization. One improvement will
ripple through the process and solve (or create/shift) other problems. They may
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also mask or offset other improvements, thus wasting resources. Guard against
sub-optimization and remember that the true constraint determines the system
output--be aware of resource tradeoffs.

In Step 4.3 you develop your improvement strategy. Once you have focused in
on the vital areas of your process that are associated with the quality
characteristics, Worksheet 8 (Figure 7-20) can be used to aid in identifying
process characteristics.

WORKSHEET 8 Process Flow Analysis

Process Point Variation Sources Potential Measure

Figure 7-20. Worksheet 8: Process Flow Analysis.

In the first column of Worksheet 8, list the process points which you identified as
constraints and/or as the critical few. In the second column, list those factors
associated with that process point which will likely cause variation in the quality
characteristic of the product/service. These can be used later in process
improvement. In the third column, list potential measures for each process
point, this could be cycle time, rate of return, cost per unit, defects per unit, but
they must be related to the quality characteristics prevnously identified. These

L. _____

ates for process characteristics. For

potential measures become candid
- . aracteristic o

2t hlomm o dm o e o

ty)

tmadbanan 1§ A mcimlibi: Al abaciadia Y P [y P H L PR
imistaiive, i1 a M Cliarasierisuu uie prouuc service Ib uirie 10 proviue uie
product/service after the customer requests it,” a process characteristic might be

[SAY)
the "time to complete one of the time-crucial process steps."

To summarize, you identify those areas of the process most related to the
quality characteristics you previousiy designated Next, you find the major

sources of leIdIIOH for that quIIIy characteristic associated with each process
point. Then you identify potential measures for each process point, related to

those quality characteristics. From these you determine your key process

characteristics which need your immediate attention. Remember you may need

more the one meavunmont to monitor constraints, but to maintain an outcome
metric WhICh |IIustrates h health of the system as
st

Now you are ready to co*npiete the operatianai defimhon (Figure 7-21)--refer to
Attachment 1 for format and definitions. You begin by taking the potential
measures identified in Worksheet 8 and refining them into metrics and
documenting in Worksheet 9 how you oing to manage by and/or improve

et =2 alLyyy atl

a st you inte . Y
process. For metrics to be effectlve you must ke ep t he lmorovement trat eqy
dynamic and use it as a direct part of your day-to-day operations.
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WORKSHEET 9 Metric’s Operational Definition
DESCRIPTION:

PURPOSE:

DESIRED OUTCOME:

LINKAGE:

PROCESS OWNER:

CUSTOMER:

POPULATION:

FREQUENCY:

SOURCE:

EMNAILATIAMS.

You may have to have multiple measures to monitor improvements for process
efficiencies, customer effectiveness (satisfaction), and an overall view of
the system’s outcome success. In other words, you may need more than one
metric and operational definition--these may center on the customer, on quality
characteristics, and on process characteristics. If you do have several metrics
associated with your improvement strategy, ensure that you also have one
overarching operational definition and improvement strategy that ties the pieces
together. Figure 7-22 illustrates the concept.

WORKSHEET 9 Operational Definition:

Data:

Title: Process Improvement “Metric”

[Measurement 1 Measurement 2 ... Measurement X|
Measurement Description: ( X)o; XXX ~;()\6(‘ e
Purpose: \ )_!.’emﬂ_w_w___““ 00X S —
Desired Outcome: X00¢ 20X 444
Linkage: XXX XXX XXX
Process Owner: 3K XXX p 494
Customer (s): ;(xx XXX XXX
Population: 20X XXX ) 4.0 ¢
Frequency: 00X XXX XXX
Source of Data: 200¢ XXX XXX
Equations: XXX x XXX
Key Terms: o ) XXX o TR
Graphic Presentation: oo XXX _— xc
Improvement Strategy: XXX

Figure 7-22. Overarching Operational Definition.



Hopefully you now recognize the importance and relationship of the CP2.
Remember your strategic plan (formal or informal) is the basis for what you want
to accomplish. Then you figure out how you are going to accomplish your plan
by first identifying/prioritizing your customers, the products/services they
receive, and those processes you use to produce them.

Figure 7-23 depicts the relationship linkages within the CP2 and the resulting
system of metrics. You must use your customers’ requirements and
expectations to define quality--always within the context of your mission. Once
you understand your mission requirements, your customer needs, their
relationships to your products, and understand how your processes can support
them, then and only then can you start making the right improvements.
Recognizing how your customers view quality (their expectations), the

relatlonsnlp to the product, and how your process coniributes, you now want to

improve. As you improve the right elements of your process, you improve the

Ahavantariat cs knnnn vintir mradiiat anAd ite mialithv Aalharasntariatine

pl UVCOO Ullalablcl 1I9uUu 1HITHIVC yUUI IJ Uuuut aliu o ql.lﬂlll.y Ullalublcl oUvoY
ur
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will also improve, and uItlmater your customer will be happier and thu

cuietnmar enhefnnhnn |mprmmc

The Relationship

Customer Satisfaction

Process

Pu—u--n Phaoavnataviatin

...............................

1234656

Figure 7-23. The Relationship Linkage--A System of Metrics.

Bottomline--Use your strategic plan to keep the overall right focus, use the CP2
relationship to make the right improvements, and use an outcome perspective to
measure the right way.

Once you have developed your metric and improvement strategy, you put them
to work (Step 4.4). Remember, to keep a metric effective you use an iterative,

on-going evaluation cycle as depicted in Figure 7-24. The iterative approach
shown in Figure 7-24 is discussed in detail in Chapter 6. As you improve, you
re-evaluate to support sustained continuous improvement.
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Figure 7-24. Management By Metrics.
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DESCRIPTION: An unambiguous description of what the metric measures.
PURPOSE: What you are trying to improve.

w The change in behavior that will occur if the performance
measured by the metric improves. Express in terms of a positive or negative trend (not

a numeric goal).

LINKAGE: The link between the process being measured, your organization's strateg
Ian and the command goals.

-~

PROCESS OWNER: The accountable process owner.

0
3]

CUSTOMER: The customer supported by the process.
POPULATION: The population that the metric will include.
FREQUENCY: The frequency of measurement.

SOURCE: The source of the data.

EQUATIONS: Any equations required in doing the measurement.

KEY TERMS: Precise definitions of key terms.

Pl oY Ve i el s le il = e G Tal I : | i L

P Py sy | | Lo - PREPERU [ R Ly P i oy
eveniudily pe usea 10 aispidy e d.
IMPROVEMENT STRATEGY: Document continuous improvement philosophy for the
metric. Include what actions are being taken to achieve improvement, evaluations of

progress and what behavior is desired. Should provide historical record of
improvement actions, lessons learned and results. Reference the operational

definition presented earlier in the course and in the Metrics Handbook. The key here is
to document a strategy--what and how you intend to improve your process. For metrics
to be effective, you must keep the improvement strategy dynamic and use it as a direct
part of your day-to-day operations. You may have to have multiple measures to
monitor improvements for process efficiencies, customer effectiveness (satisfaction),

and an overall view of the system’s gutcome success.

'l
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What it Is:

A run chart is a graph of process measurement over time. Its purpose is to:

e Provide first-look, exploratory analysis so you can begin to recognize the
basic characteristics, including variability, of a process over time.

Mlad Lhicda wlaal dabc ba and o laadia.. malmwabdamallnm Al ik md lhna A A~ P { B
®  FIOLINSWIrivdi Uudld U yel a peler uriaersidiiuiilyg o1 wiidlt 1ids ridppelicu i uie
past.

How To Use It:

e ew = LA~ A

Construct the chart. Label the vertical axis with the key measurement of the
process being measured. Label the horizontal axis with units of time.

Callant tha Aat
wUNGlL uic U

¢ Interpret the chart using your best judgment. Look for runs of data points that
indicate a trend, look for indications of time-related behavior (such as
seasonaiity), and get an idea of how much performance has varied over time.

o Calculation of descriptive statistics such as mean and standard deviation can
also lend insights.

Points to Remember:

between measurements.

¢ Not every variation in the data is significant. Since the factors that make up a
process vary over time, any measurement coming from the process will also
probabiy vary. investigating every variation as though it is criticai can be
frustrating and wasteful.

¢ You should keep in mind that it is appropriate to start a run chart with a

limited amount of data or a limited number of time periods. You should,
however, consider findings from this initial data as preliminary.
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Run Chart Example 1:

AEDC collected statistics on data deliverables over the past five quarters to
determine if a trend was forming.

% Of Data

Quarter Delivered On Time
FY93/4 48%
Fyaa/1 49%
FY94/2 73%
FY94/3 77%
FY94/4 94%

Simpie Average 68%

It appears that there

[V BV || PUYQRIO Wi uivi v S Qi

Fi c t.
im p rovement t nd in this process. Remember this is a p eliminary look--more
data or shgrt_e,_r time periods between data points may offer greater insights.

s e

Don't let "too few data points" be an excuse for not doin ng exploratory analysis.
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a3/4 94/1 94/2 94/3 94/4

Fiscal Year
Figure A2-1, Data Deliverables Run Chart,



Run Chart Example 2:

HSD collected data over a 20 month period, taking samples every other month.
The following data resulted.

HSD TECHNICAL REPORT PROCESSING TIiME
Median Technical Report
Month Sampled Pracessing Time (In Days)
Jul 250
Sep 260
Nov 258
Jan 224
Mar 341
May 290
Jul 196
Sep 158
Nov 165
Jan 173
Mar 144

Simple Average 224 Days of Median Days

1< 500 - + + T + + \i + t T —e—Median Days
Z 200 \ + Average
No—— e
150 | ~
100 |
50 |

Jul Sép Nov Jan Mar M'a\y Jul Sép Nov  Jan Mar
Months

Figure A2-2. Technical Report Processing Time Run Chart.

The run chart shows what appears to be a favorable trend. This apparent trend
should be analyzed before basing any decisions on this information.



What It Is:

A control chart is a tool for monitoring the variability of a process over time. A
process is in a state of "statistical control" when the variation in the process is
nnnslstenflv random and within nredlcable limits. When a process is in this

state, process measurements vary randomly between an upper boundary and a
lower boundary that reflect typical performance limits over time.

Control limits and customer requirements are not the same. Control limits are

Arnmriitnad fram tha antiial narfarmanan Af thna nrannce whila tha ~Anictanmar
UUIIIPUI.UU mnmwvilr I auviuai PUI vintialivc vl Uiv pMirvutoo,; WiHHIV UIUT VUOoLWVIHITTI

specifies and negotiates requirements with the process owner.
A control chart can help a group or individual:

e Understand and recognize variability and when to investigate special
circumstances.

lIdantifv tha nracanca nf '"e
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performance of a process.
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Control charts should not be the first tool used to analyze data. The technique
is very data-intensive; you must ensure you have the proper sa Ie size to
t

correctly compure the right X, UCL, LCL. Remember aiso
............... PN PR | pe ) -~ H
. o

were originally developed to prever
duced o
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the process--shifting the performance mean and/or reducing variance.
Deliberate process improvement is a "special cause” in terms of control charts!
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Imnrovempnt efforts WI|| tvpically mvolvp identifying and improving the effects of

"common causes"--which are not a concern in the control chart technlque.

How To Use It:

e The tyne of data you collect will dictate the type of control chart to use. |
i ’r}\l Wi uaawca yvu WV WL YV daTwvldaLle Ui l”.’v VI WUV wiitain Lt W uuw. i
general, "variables" data rpqnime some form of measurement (p a., !ength,

temperature, etc.) and the recording of those measurements. "Attributes"
data requires a "good/bad" or "go/no-go" decision and counting, e.g., types of
defects, percent late, etc. Since attributes data doesn't require detailed
measurements, it is easier and less costly to obtain. Use Figure A2-3 to
determine the type of control chart needed.

e Once you determine the type of data to collect, follow the appropriate chart
construction techniques on the following pages.
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¢ Determine and eliminate special causes of variation. One or more of the
following seven signals indicates the existence of this type of cause:

— One or more points outside the control limits.

— Seven or more consecutive points on one side of the centerline.

— Six points in a row steadily increasing or decreasing.

— Fourteen points alternating up and down.

— Two out of three points in a row in the outer third of the control region.

— Fifteen points in a row within the center third of the control region.

— Eight points on both sides of the center line with none in the center
third of the controi region.

NOTE: The probability that any of these seven events will occur at

random is very small, which is why they are a signal that something has

changed in your process.

e When you have eliminated all special causes, work on reducing the remaining
variability in your process. You can usually achieve this through fundamental
changes to the process, and these changes require management assistance.
To achieve continuous process improvement, it's essential to reduce
variability.

Varisbies

Variables /&o.ugmonh Attributes
I N Attributes? 7 H
PN '
Yes / \ No Defectives Defects Defects
Samples

—<
PNy xr N\

( N ( \  Yes /I:onstam \. No Y65/ Gonstant N\
Lx And H—ChartJ R<And MRChanJ I_\EQ; / I ssa;ge / I

Or.
Defectives

(roorar ) (omn ) [conan ) (Uohar )
—_/ S N

Defect = An Individual Failure To Meet A Single Requirement
Defective = A Unit That Contains One Or More Defects

Figure A2-3. Controi Chart Seiection Process.
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Construction Steps

General:

i. Determine the type of data you are coiiecting. Then consuit Figure A2-3 io
determine the appropriate type of control chart to employ

2. Collect the data.

3. Label the vertical (y) axis with the name of the variable measured and its unit
of measurement.

4. Label the horizontal (x) axis with units of time.

5. Labei the chart with descriptive tities which describe the measurement and its
time frame.

6. Determine the sub-groups; calculate upper and lower control limits and mean
as appraopriate

rr gl

7. Divide and label the horizontal and vertical axes into increments which easily
allow all the data to be plotted.

8. Plot the data points and the control limits.
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Chart Construction Techniques:

Y and D Ch
FAS -1 RAY ) A~

—h

. You will analyze the ranges (R) chart first, then the sample averages (X).

!\'.D

Compute the range R for each subgroup, where R = Xmax - Xmin-

3. Scale the lower portion of the chart and plot the points.

»

)

©
3

a/RY whore R = (R4 + Ra o ... + RiVk =
g (R) where R =(R4 + Ro 4 + Ri)k

5. Select Ao, D3 and Dg4 from the table below based on your subgroup size.

TABLE A2-3.
CONTROL CHART CONSTANTS.
Subgroup Subgroup
Size Ao D3 D4 Size Ao D3 D4

2 1.8880 0 3.267 6 0.483 0 2.004
3 1.023 0 2.574 7 0.419 0.076 1.924
4 0.729 0 2.282 8 0.373 0.i36 i.864
5 0.577 0 2.114 9 0.337 0.184 i.816
10 $.308 0.223 1.777

6. Compute UCLR=Dg4 xR = X =

7. Compute LCLR=D3 xR =

X
Draw the contral lines and check for any points out-of-control. Recompute

0

the control limits, if necessary.

9. Compute X for each subgroup.

10. Scale the upper portion of the chart and plot the points.

11. Compute X = (X1 + X + - + X)/k =

12. Compute UCLX = §+(A2 X ﬁ) = + ( X ) =

i3. Compute LCLX = X-(As x R) = - X ) =

14. Draw the control lines and check for any points out of control. Recompute
the control lines on both charts, if necessary.
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Compute MR for each subgroup. MR is the absolute value of the difference
between consecutive range values. MR = Ry - Rk.q where k and k-1 are
consecutive observations. Remember there is no MR associated with the
first X value.

. Scale the lower portion of the chart and piot the MR points. Remember to

start at the second position aiong the time axis.

. Compute MR = (MRq + MRo + - + MRy_1)/(k-1) =

A
VI

~n

s

n o .
= J.£00 A =

Note: LCLMR =0

. Draw the control lines and check for any points out-of-control. If a point is

out-of-control, investigate the associated X value. If the X value is removed
as abnormal, remember that one MR will be removed and another will
change. Recompute the control limits, if necessary.

Scaie the upper portion of the chart and piot the X points.

. Compute X = (X{ + Xo + - + Xg)/k =

I
+
w

Draw the control lines and check for any points out of control. Recompute
the control lines on both charts, if necessary.
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Attributes Control Chart:

e Determine which chartto use. Th

the options in Figure A2-3.

Defect: An individual failure to meet a single requirement.

Defective: A unit containing one or more defects.

TABLE A2-4.
ATTRIBUTES CONTROL CHART SELECTION GRID.

Varying Sample size Constant Sambple Size
p- Chart np - Chart
Defectives
Used to chart the fraction | Used to chart the number
or percent defective of defectives in a
subgroup
U- Chart C- Chart
Defects
Used to chart the number | Used to chart the number
of defects per unit of defects in a subgroup

¢ Collect 10-20 subgroups of data. Each subgroup consists of multiple data

points arranged in a rational manner, day, lot, office, etc. The value "n"
represents the size of each subgroup.

¢ Use the general construction steps from above with the following formulas:



p-Chart:

n = size of subgroup

_ number of defectives in a subgroup

p
n
tntal Anfantivn
—_ wial UcicuLulvo . . .
p = - = centerline = average fraction defective
total inspected
11 - N 5(1_6) R (Y LIUUNE YUy UL TR TR
CL=p +3 \I = upper control limit (varies by subgroup)
n

n

Note: You can use an average subgroup size to obtain a single set of control

lirnida 6.
S I.

e The largest subgroup size is less than twice the average subgroup size.
e The smallest subgroup size is more than half the average subgroup size.

Piot p for each subgroup.

np Chart:

P, n = same as for p-chart, except n must be constant.
np = centerline = average number of defectives

UCL =np +3* Jnp(1-p)

LCL = np - 3* Jnp(1-p)

Plot np for each subgroup.



~ = centeriine

. — =
LCL=C -3*C

Plot ¢ for each subgroup
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Control Chart - Example 1:

X and R Chart

o o

M O O

w

[3,]
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TABLE A2-5.
X AND R CHART DATA
Week | Mon. | Tues Wed. | Thurs. Fri X R
1 450 | 460 | 450 | 440 | 440 | 448 | 02
2 4.60 450 440 4.30 4.10 4.38 05
3 4,60 410 440 440 410 432 05
4 440 4.30 4.40 420 4.30 432 0.2
5 4.30 430 4.40 4.20 4.30 430 02
6 4.60 460 420 450 440 4.46 04
7 4.10 430 460 450 420 434 0.5
8 450 4.50 4.40 460 440 4.48 02
9 440 420 4,60 460 4.20 4.40 04
10 420 420 420 450 420 426 03
$ For Lunch
45— — — — — — — — — — — — — - UCL = 4.57
N\ ANV _
437 \/ S \\ X=4.37
45— — — — — — — — — — — — — - LCL =4.15
A — — 1 —  Week
1 Z 3 4 o o / 8 Y 10
o —— — — — — — = — — — = UcL =.72
/ \ N\ ~
/ \ / \ / —
B4—r N/ N R-34
/ __/ vV
-—_——— == = — - LCL=0

Figure A2-4. X and R Control Chart $ For Lunch.



Control Chart - Example 2:

np Chart
TABLE A2-6
ECPS BOARDED PER WEEK (Nf-CHART).
Week Number Cf
n=50 ECPs Boarded
=2 _0.002 1 9
500 2 7
np=4.6 ,J P
LICL =10.73 .
TEET Y 4 2
LCL=0.0 5 4
6 5
7 2
8 3
9 5
10 5
Number Boarded
ol - - - - - - - - — — UCL = 10.73
5 \\ A 2 * ..
T T T T T T T T LCL = 0_0
1 2 3 4 5 6 7 8 9 10

Week

Figure A2-5. ECPs Boarded Per Week (np-Chart).

Control Chart Exampie 3:

<
~Z

©
[4)]



System of Charts

The fallowina ic an ayamnla fram SQD which 1
e tonowing I an exampie trom oo whic

1
o

charts to analyze a Service Report process.

TABLE A2-7.
SERVICE REPORTS CONTROL DATA.
Cantral Charte
le Month X R p
1 143 244 0.7
2 139 348 0.71
3 116 337 0.54
4 84 9 0.54
5 88 i55 0.52
o 60 i33 0.54
7 50 i54 0.6
8 210 294 0.51
9 125 241 0.74
10 51 29 047
11 56 64 0.62
12 65 56 0.39
13 143 351 0.43
14 — — 0.65
15 —_ —_ 0.7
ral Lin 105 186 0.58
ucL 212 393 0.76
LCL 0 0 0.40




o]
o

X -DAYS TO CLOSE
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250
ucL
FAN
200 / \
150 // \\\
T /
~ / \ [ =
. i N\ / X
100 N J \ /
N N\
50 —_
0 i I I 1 i I LCL
0 2 4 6 8 10 12 14
Qamnla Manth
\JGIIIPlU i
Figure A2-6. Service Reports Time To Close - Chart
R-DAYS TO CLOSE
500
400 ucL
. /T /
300
4 \ /N /
200 A ya y /
\  ~ \ / "
100 3 Vi \ yi
/ \ /
) \ / \/\J 101
0 1 V4 ! 1 ! ! e
0 2 4 6 8 10 12 14
Sample Month
Figure A2-7. Time To Ciose p-Chari.
p: Fraction Overage
0.8
. ucL
\ /\ _—
06 AN / \ ya
AN 7 \ 7\ AR
VN /
\ _/
04
LCL
0.2
[ i 1 1 1 | 1
0 2 4 6 8 10 12 14 15
Sampie Month
Figure A2-8. SR Fraction Of Open Reports Overage p-Chart.
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What It Is:

A cnnttar Ainmram ic a Aranh 11oad A ravaal tha nAacailhla ralatinnehin hahannn
m ouallci u'aU'alll 1o a ylapll UODSTU WV 1TVTal UIT PUDDIVIT 1TIAliVvIIOINIIY UTLYWTUII
two variables. It can help a group or individual:

o l|dentify possible causes of problems.
e Recognize the correlation between one important variable and another.

How To Use It:

e Collect the data in pairs. For each data point obtained for the first variable, a
data point must be available for the second variable which represents the
same time, location, or occasion. The larger the number of data points
collected, the more reliable the conclusions drawn from the scatter diagram.

e Mark the horizontal axis with the name and units of measure of the variable
suspected as being the causal or independent variable.

= AAnsl, b viavdianl Avia stk A nAama And nite ~Af manainiran Af tha varinhla
®  VidiR UIC volLludl akxlio willl UIc iiairnec aiia uiln 1 icasui Vi UIc vaiiawvic
attenantad ne hainn tha aoffant Aar danandant variahla
OUOPUUlUu ao von |9 uio oiiguiL vi UU'JUI IAGIHIL YAl iQwviv

e Label the chart with descriptive titles and the appropriate timeframe. Divide
and label both axes into increments which allow you to plot all data.

e Plot the data. As you plot each point, circle repeated points. Look for
patterns in the data. Figure A2-9 will help you interpret patterns in the plot.

Points to Remember:

e This technique only shows that a relationship exists, not that one variable
causes the other. In general, it is wise not to base conclusions about cause-
and-effect relationships solely on the basis of a scatter diagram.

e As with aii statistical toois, it is better to have more data than not enough.
Scatter diagrams based on small sample sizes can be misleading.
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| Patterns And Possible Meanings Of Scatter Diagrams

. . .
.
Y L] Y e o o
| LA I .
Al ® s s
| ) | .
I e © | ]
X X
Positive Correiation Negative Correlation
An Increase In X May An Incease in X May
Cautes An Increasa In Y Cause A Decrease InY

No Correlation
Y Does Not Appear To Depend On X

Figure A2-9. Scatter Diagrams.

Scatter Diagram Example:

This example shows actual data from a manpower study. The purpose of the
measurement was to determine the possibility of a relationship for predicted

workload.
TABLE A2-8
WORKLOAD FACTOR STUDY DATA
Work Center: Base Supply Funds Management
Workcenter Factor (WLF): An item Record Loaded
WLF Definition: The average monthiy number of item records for base
supply for which supply inventory section performs inventory.
Location Manhours (Y) Ava. Workload* (X)
Aviano 258.08 41.65
Bentwaters 323.81 65.64
Hahn 301.45 73.74
Lackiand 279.56 16.86
Lowry 350.80 42.76
Williams 29208 55.16
Little Rock 355.09 90.56
Hickam 265.24 72.50
Fairchild 405.44 72.43
Malmstrom 299.52 64.90
Pease 357.16 54.21
Whiteman 247 .47 29.17
Edwards 438.11 101.75
Mt. Home 43024 54 56
Myrtle Beach 340.76 40.23

* In Thousands



Manhours

In plotting the measurement data in Table A2-8 on Figure A2-10, a strong
positive correlation between manhours required and item records loaded
became evident. This information was then regressed, and the results became
the basis for manning levels at base supply shops.

664 ’-
581
- .
498 - °
° ]
415 °
220 .. b b
332 °
° ° e ®
249 . ° *
.

166

83

0 1 L 1
0 15 30 45 60 75 90 105 120 135 150 165
Workload

{In Thousands)

Figure A2-10. Workload Factor Study Scatter Diagram.
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What It Is:

A Llmisimnbimvd ta A mrvmmbiia vamesnn~nndabiam Af All shA rmmAaiar atAarna Af A ARrAaAnna I+ AAn
A lowduliaitio a yldplllb IUPIUDUIIldlIU 1 VUL an uic Iiale DLU}JD vra PIUUGQD i vail
hnln-

IIUI’J.

e Understand a complete process.

e Compare actual to ideal process.

¢ Identify the critical stages of a process.

e Show relationships between different steps in a process.

TABLE A2-9.
FLOWCHART SYMBOLS.
This Symbol... Represents... Some Examples Are...
— Stan/Stop Receive Direction From Boss
( 3 Submit Final Report
Wake Up
S~— Go To Sleep

Decision Paint Approve/Disapprove

Accept/Reject
Yes/No
N Pass/rail

o Fill out Travel Voucher
Activity Cxry
: VVdIK UUWH IU L;Dr’U

Brush Teeth
Get Dressed

How To Use It:

¢ Define the start point and finish point for the process.

harting the process from beginning to end.
Keep a macro-perspective, only into greater detail as you isolate problems or
improvement opportunities. As a general rule of thumb, try to limit your
macro flowchart to ten blocks. You can use the symbols shown in the figure
to improve the clarity of your flowchart, but don't get hung up on symbols--the
key value is in the sytematic thinking about and understanding of the
process, not in the precision of drawing the flowchart.
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v

o Consider the easiest and most efficient way to go from the "start block" to the
"finish block." While this step isn't absolutely necessary, it does make it
easier to do the next step.

e Search for improvement opportunities. Identify all the areas that hinder your
process or add little or no value. Add detail to your macro flowchart to gain
better understanding in those areas with the highest improvement and
payback potential. A technique for constraint isolation is shown in Figure 6-3
is a very useful tool here.

e Build a new flowchart that corrects the problems vou i identified in the previous

2= o8 SO LR ITLe S b A

step. At this point vou should be consrdenng reengineering if the actual and
improved processes are significantly different.

Helpful Hint:

Congider nuﬂ'mn the cteng of your process on index cards or ehr‘k\/ back note

TR P

paper. Thas Iets you rearrange the diagram without erasing and redrawing.
Making it easy to reconfigure the diagram encourages contributions.

Flowchart Example:
The following flow chart shows the administrative process for an Air Force Form 9.

—
Is It
Y
| Start l Properly Filled -

N)ut?/
1,NO

Recelve Form 9 Can
And Review It Needed Info Be\/ Yes »| GetNeeded Info | >
Obtained On Via Phone Call v
\Dhone/ ——
~ input Data
No Into BCAS

!

Y

Receive Abstract
Establish Label
And Folder

T
v v
Distribute To
Qatiirn Tn AFA Aok
T v AFU, Lustomer,
Customer Vendor, or Files
T al

—v
End |
—J

Figure A2-11. Flowchart For AF Form 9 Process.
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given outcome and all the factors that influence this outcome. It is sometimes
called an Ishikawa Dlanram or a Fishhone Diaaram. Cause and effect dmnmme

SO G N WCLotT QIS TRTLL LG T A

provide a structured approach to determining the root causes of a problem, an
objective, or some other effect. They can be used to:

o Determine the factors that cause a positive or negative outcome or effect.

e Focus on a specific issue without resorting to complaints and irrelevant
discussion.

o |dentify areas where there is a lack of data.
How To Use It:

o Specify the effect you wish to analyze. Place it in a box on the right side of
the diagram.

e List the major categories of the factors that influence the effects being
studied. The "4 Ms" (methods, manpower, material, machinery) or the "4Ps"
(policies, procedures, people, plant) are common starting points to help
structure your thinking.

e Use an idea-generating technique to identify the factors and subfactors
within each major category. An easy way to begin is to use the major
categories as a catalyst. For example, brainstorm by asking questions such
as these:

How do our neonle influence
. \J\J LAS AV ]

vy VUl MUVMIT D

What requlations/nolicies affect

What procedures are causing . . .
How does our equipment affect . . .

e Look for factors that appear repeatedly or are a root cause to the effect and
list them.

e Prioritize your list of causes using a decision-making tool. Keep in mind that
the location of a cause in your diagram is NOT an indicator of its importance.
A subfactor may be the root cause to all of your problems.

Helpful Hint:

Consider using an obiective instead of a problem as the effect to be discussed.
A problem- onented focus may produce "finger pointing," while focusing on
desired outcomes fosters pride and ownership over productive areas. The

resulting positive atmosphere will enhance the group's creativity.
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What It Is:

A checksheot i

IV VIO UINDITIU UL

converting it into readily useful information. With a checksheet, you can:
¢ Collect data with minimal effort.
e Convert raw data into useful information.

e Transiate opinions of what is happening into what is actuaily happening. in
other words, "i think the probiem is..." becomes "The data says the probiem

nw Tn llea It-

~ LI 4 ite

LI} vy T

o Cieariy identify what is being observed. Ciearly iabei the event you are
observing. Everyone has to be looking for the same thing.

e Group the collected data in a way that makes the data valuable and reliable.
Similar problems must be in similar groups.

e Try to create a format that will give you the most information with the least
amount of effort.
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Checksheet Example:
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Pareto Chart

What it Is
A DAavada -~ A~ lhAar AlhAasd sl ba A~ rmba b VY sidn ] Emnas? femonn A P
M raiciv fiail 15 a val ulidit udtu W Stpaiale uic Vvilal 1cw  1HHulll Uic  uivial
many." These charts are based on the Pareto Principle identified by the Italian
ecenomist Vilfredo Pareto in the early 1900s when he cbserved that a relatively
few people held the maijority of the wealth, Later tynified in a more generic form,
the principle captures the idea that 20 percent of the nroblems are the "vital few"
and the remaining 80 percent are the "trivial many." It applies to many
situations; for example:

NNO/ ~Af thn nmannla A~ ONO/ Af tha wrarl,

Vv /0 VI LUIT PUUPIG Uv OV /0 VI UITC vwuIin

20% of your customers give you 80% of your sales

In most charities 20% of the donors give 80% of the funds

You wear 20% of your wardrobe 80% of the time

You walk on 20% of your carpet 80% of the time
Pareto charts help groups and individuals:
e Separate the few major problems from the many possible problems so that

improvement efforts can be properly focusec

e Categorize and prioritize problems and/or data.

¢ Determine which problems are most important using data--not intuition or
perception.

How To Use It:

e Use existing reports or collect new data on the process. Be sure these units
are consistent throughout your data.

e Label the units of measure on the left vertical axis and the categories of
problems on the horizontal axis.

_ Mcad o A bl allm o ae b Al L imem s LA vm mams ) mmdlame A~
® Uluel uie cdlegouries dacCuoruirlyg 1w e nmeguericy (1uw lidily) rauieir tidll
thair Alnacifinntinan ahnat LinA \ |llaa A AasAaandina Aardar fram 1aft ¢4 riaht
UHITH uviasotivalvii \V riat l'\lllU-I UOT a UTOULTIHIUINY VIUTTH HUNITITIL WV Tiyhit.
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Points to Remember:

o The measurement units used can significantly impact your Pareto chart. For
example, 100 cosmetic-type defects may account for only a fraction of the
totai cost, whiie 2 materiai-type detects may account for a iarge percentage
of the cost. You must determine if cost or number of defecis is most

inportdaii

e ltis essential to use the same units of measure, and clearly mark these units
on the chart. ($. #°% ...
~ A ARSI SLLE RS ] 7

Nested Pareto Charts:

Broad causes can be broken down into more specific areas to facilitate
improvement efforts. These specific areas are "nested" within the broad
causes, hence the term "Nested Pareto Charts." Figure A2-16 illustrates the
concept of nested Pareto charts.

The same data can be plotted against different potential causes to determine
the significant problem. This concept is very useful when vour original Pareto
chart doesn't clearly identify one or two significant problem areas. Use your
imagination and be creative when you define your problem categories. Figures
A2-14, and A2-15 show an example of stratification analysis. More information
on stratification is found in a separate section under that heading.
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Pareto Chart — Example 1:

Anbirmmdio

An investigation of Laser Photography reliability was undertaken at AEDC
because the existing 84 percent reliability did not meet customer requirements.

A sample of recent test shots showed 36 failures. These occurred in three cate-
gories: trigger failures, shot failures, and system failures. Of these 36 failures,
23 were trigger faiiures, 7 were shot failures, the remaining 6 were ciassified as
system failures. In Figure A2-13, a simple Pareto Chart clarifies the area to

._...-...a. —~mh Leoodls Th mmn L) im o somaem  Loiodle ... A‘L — o d ol
nmvesuydlie uruie INESE 1diluies weie 1urner inv esligdieu lll l'lgUlb'b I‘\é l‘+
and AD_AE Thaoaan ara avamnlan Af atratifiantian
aliu ACTiv. T11IGOT ait TAAIpPITYS VI Suatliiivauvll.
50

4 AP F100%

8

O 30O Qa~— 03 -
1
3
T

® 75% Of Failures Due
To Trigger Problems.

w o

This data identified trigger stations 24 and 8 as the main culprits of trigger
failures. this led to a closer look at these stations. Marginal components at
these stations were replaced and the trigger sensitivities were optimized. The
data collection effort is continuing to determine if the problems located and
addressed will result in improved performance.

25 —0

I _—/ ® Predominant Failure Mode 50%

No2nd Bad  No 1st Laser TLale Early

{100% 20 | e { 100%

o

L ® Over 50% Of Failures Occured Al o,
10 —/ Stations 24 And 8 S0%

/O/O/V
/O'

Trigger Failures

No 2nd Trigger

]
B EEEE=s=
24 8 21 25 53 510

Trinnar Shnt Trinnar ail riager  Trinaar
ngger SHCt 1 NGger 158! nggs

Laser Station Number
Trigger Failure Mode

e A2-14. Trigger Faiiures. Figure A2-15. Laser Station

identification.



Pareto Chart Example 2:

Nested Pareto Charts

Defects In PPM
1800

600
1400 4 What Assembly Has
The Most Defects?
1200 4 —Assy. 5 —
[—- 1000

What Types Of Defects
Are The Most Prominent?
—Electrical  —

il

Wsolder M. Parts

Percent
40

What Part Contributes
The Most Defects?

—K2Relay —
> 20 4

i
4

10
0 4
uU1ot Q1o Q7 Q5 Others
Percent
80
E What Is The Most Common
60 4 Way the K2 Part Fails?
—Thermal Failure -
S 40 4
20
0 - | | _ | | —

Used With Permission From Change Navigalors, Inc.

Figure A2-16. Defect Analysis.
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A 4
What It Is
A histogram is a bar graph used to depict the variability of a data set in the form
of a frequency distribution. A histogram can help a group or individual

o Display the variability in a data measurement.

e Quickly and easily assess the shape of the underlying distribution of a
process.

How To Use It:

e Collect as many measurable data points, e.g., time, length, speed..., as
possible.

e Count the total number of points you have collected.

e Subtract the smallest value in the dataset from the largest. This value is the
range of your dataset.

e Divide the range into a certain number of intervals, or bars, on the graph.
Use the following guidelines to determine the appropriate number of
intervals to use.

Number of Data Points Number of Intervals

Under 50 5-7
50-99 6-10
100-249 7-12
Over 249 10-20

. “'vide the range by the number of intervals. Round your answers up to a

Qo
(‘D (]

cided to use 9 intervais, then ‘yuur interval width is 1.88. You can round
this to 1.9 or 2.0. It is helpful to have intervals defined to one more decimal
lace than the data collected

e Determine the starting point of each interval. Start with the smallest data
point as the starting point of the first intervai. Now add the interval width that
you determlned in the prewous step The sum is the startlng pomt for the

o me msmcmm e - [P | PRy R PR G,

ror example if yo ir

1

i. SITic

I ahlhal thaon Arvinla Alame~ ¢
fi. Ldoei unese IIIlUlVdIb alvlly ut

e Count the number of data points that fall within each interval and plot this
frequency on the histogram. Keep in mind that each datapoint can appear
in only one interval. For exampie, if your first interval begins with 10.0 and

the second with 12.0, then count all data points that are equal to or greater
than 10.0 and still iess than 12.0 in the first interval.
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e The number of intervals can influence the pattern your data will take.

¢ Don't expect the histogram to be a perfect picture; variations will occur. Ask
yourself if the picture is reasonable and logically correct.

Histogram - Example:

Table A2-11 is a check sheet that originated from data collected on unfunded

requirements HQ AFSC processed in FY 90. This check sheet was used to

buiid Figure A2-17, a histogram that dispiayed the distribution of UR processing

times.
TABLE A2-12.
UR PROCESSING TIME CHECKSHEET.

Processing Time(In embhar (O Ahearuatinne Trtal Range
Days) haainaththtth T Mid-Point
0-19 JHT uf et ul 1 22 10
20 -39 wf wf wf wf wf o5 30

PP P L (L 1L

40 - 59 it gt gul 19 50

60 - 79 il it i 12 70

89 - 99 JHT 9 90

100 - 119 1] 4 110

120 - 139 ]| 3 130

140 - 159 11] 3 150

160 - 179 0 170

180 - 199 i 4 190

200 - 360 Il 7 240

*Computed From Data Not Shown Here

30

25
25 i -
o um
Bl B

;
HEEE . ,
! B R B B B ., Il
2 HEEEEE - EmE

0

10 30 50 70 90 110 130 150 170 190 240

Elapsed Time in Days

Figure A2-17. UR Processing Time Histogram.
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Stratification

What It Is:

Stratification is helpful when your original Pareto chart does not clearly indicate
one or two significant problem areas. Stratification is a fancy way of describing
the “cutting” or “slicing” of data along different natural or logical lines, looking for
underlying patterns. If patterns can be discovered, they help localize the
problem or improvement opportunity and this is very valuable in zeroing in on
root causes. The technique is similar to nested Pareto charts in the sense that
you keep probing the data to obtain a clearer focus on potential problems or
opportunities.

How To Use It:

Stratification is sorting data into groups or categories based on different factors.
It is helpful to think about stratification before collecting data. In doing this, you
want to focus on characteristics that might lead to biases in the data. These
may not be causal factors, but potentially could lead to differences. Factors
may include such things and dimensions as:

Type of job Equipment

Day of the week Team

Time Product

Region Season of the year

Other examples include the following:
-- Stratification of performance (efficiency) by functional area
-- Stratification of frequency of defects by functional area (process step)
-- Stratification of customer satisfaction by customer-type
-- Stratification of costs of defects by functional area (process step)
-- Stratification of costs of products by functional area (process step)

The Team Handbook (see Attachment 4) references an "Is/Is Not" matrix that
might be helpful for sorting out knowledge and information for stratification.
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An Example

Figure A2-18 shows some hypothetical data gathered by an acqui
organization. When the data were first charted by organization (product
division), there appeared to be little difference. Sensing that there was still a
potential "driver" or opportunity to improve, the analyst next stratified by
contractor--again there was no significant difference. Finally, when data were
examined by quarter, it was discovered that the 4th quarter was very different--
this narrowed their focus to a particular area (time in this case) upon which to

focus improvement efforts.

By Contractor By Guarter

GD IBM TRW P&W 4th 3rd 1st 2nd

Figure A2-18. Three Different Stratifications.
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It required putting aside "the wa

done it" to create a different approach.

~

v

( REENGINEERING IS A MAJOR PROCESS OVERHAUL! l

Points To Remember
of a management process.

I

Hammer, Michael and James Champy. Reengineering The Corporation: A Manifesto For Business Revolution. New Yorl

1993.
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The Theory of Constraints (TOC) utilizes two approaches to find root cause(s) or
key points which determine the performance of a system. One is termed
Throughput Analysis--it exposes the system's constraint where you should be
concentrating your improvement efforts. The second approach is termed the
Thinking Processes--these link toget'ner effects and their cause(s) to focus your

attention on the primary underiying driver(s) of undesirabie effects. inherent in
TOC philosophies is a system-wide perspective which examines local actions as
Ha Vs PaVa Tk 7ot

they relate to the global organization. Below are some basic ideas to introduce
you to some of the concepts of the Theory of Constraints. Further information
can be gleaned from several books by Goldratt (see references section).

iroughput Analysis

First take a system-w:de look to determine what's constraining the system as a
whole. Every system has a weakest link (just as in the chain analogy). The
weak link (constraint or bottleneck) literally defines the total system output/time
(i.e., you can produce no more than your weakest link is capable of). Then
focus your process lmprovement efforts at the constramt—-amprovmg the output

S S 1| _-1. .... ...... PRy | I B

of oth I I Not Improve the overall OUIpUI of the sysrem
Figure A2-20 illustrates the concept.
¥ = the system-widle consiraint or bottleneck
i
| 1
CUSTOMER g PRODUCT
—> - > e
ORDER A ™ DELIVERY
»

— Focus process improvement efforts here!
Figure A2-20. Throughput Analysis.

When a specific constraint has been alleviated, take another system-wide look
and find the “new” constraint. Constraints will shift as process improvement
efforts are applied and other external factors are levied upon the system

(changes in product lines, resource fiuctuations, market conditions, etC)
Throughput Analysis is an on-going approach that should never end, like
continuous improvement.

Remember that local efficiencies do not tell the whole story; it is very easy (and
often tempting) to focus on part of the system at the expense of the total
system.  Sub- optimization occurs when improvements are made at non-

constraint SlepS (p(OCGSSGS activities, IaSKS) rather than at the constraint. Keep

a systems perspective and balance resources relative to the constraint (weak
link\1!
Illlr\’
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Approach # 2: The Thinking Processes

This approach assumes that a few underlying causes explain many effects. The
premise is that in any orgamzatron there exist many symptoms (called
unoesrraole t:rrecrs or UDEs) but only a few root causes.

=1
- X
Q

TABLE A2-13.
THE THINKING PROCESSES.

TAMNI

JAACTLIMAND

DI INODAQE
im}

Current Reality Trees

Understand what is going on today

Evaporating Ciouds

Uncover underiying assumptions

Transition Trees Implementing required changes

can create a macro-level Current Reality Tree in a relatively short period of time,
especiaiiy when compared to other modeiing methods which are often time
consuming, costly and stifie creativity and innovation via rigorous modeiing

~d l.. PP PR PR
met UUUIUgIBb

Another important perspective concerns intangible "reasons" for why the
organization does business a certain way. Under the Thinking Processes, one
presumes that if there was a straightforward answer to the organizations’
problems, one would have been found already. This leads to the acceptance of
the fact that the majority of constraints affiicting an organization are not physical
in nature, Dut rather rntanglole (caiied RT Ms tor Ruies, lraining, Measures) and
d an
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The following example illustrates how established rules and procedures can
blind us to opportunities. In this case, fixation on the way a business had
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always allocated overhead and fixed costs resulted in a lost opportunity to earn
huge profits.

Several years ago an American auto manufacturer (AAM) was approached
by a Japanese auto manufacturer (JAM) to build brakes for them. The AAM
was using cost allocation as the basis for distributing all their fixed overhead
costs to each product. This resulted in a price of $8.89 (notional data) per
unit when they evaluated the JAM's offer to build brakes.

The JAM nointed out to the AAM that the brake factory was operating at
40% capacity and that the proposed increase would bring their workload up
to less than 60% of capacity. One shift was currently working only 3 to 3.5
hours of an 8-hour shift to meet current demand. Further the JAM offer
would require no additional overhead, lighting, management, etc.--the only
additional cost would be in raw material which would be $2.40 (notional) per
unit. The JAM asked the AAM to reevaluate their offered price to build the

brakes.

The AAM went back and reworked their numbers--and returned with a figure
of $8.89! The JAM restated their perspective and offered to pay $5.20
(notional) per unit--giving the AAM a per unit profit of over %100. Again the
AAM examined their numbers and said they could only do it for $8.89. The
JAM took their business elsewhere and the AAM lost a huge opportunity--all
because they were blinded by a rule (i.e., a cost allocation method) that
represented "the way they had aiways done it."

The Thinking Process can help you discover those RTMs that may no longer be
valid and challenge them.



nchmarking
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What It Is
Nawvid T Kaoarne farmar OCEN Af Yornv Aofinad hoanrhmarkinAa ac "thno
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continuous process of measuring products, services, and practices against the

toughest competitors or thase companies recognized as _d'!vt leaders.”
Benchmarklng is another tool to add to vour continuous process |mprovement
toolbox for the specific purpose of adapting innovative practices for
improvement. Benchmarking has the following benefits: it is proactive, it
identifies improvement ideas, it has the credibility that comes from outside the
organization and counters the "not invented here" mentality. It increases
awareness about your own processes and their capabilities, and it helps you
avoid being arbitrary in measurement and goal-setting. As you follow the
benchmarklng process, it entails leadership commitment to goal-setting. For a
description of AFMC's approach to oencnmaerg, refer to AFMC Poiicy

Directive §0-3 and AFMC instruction $0-301, urganizationau Comparison and
Benchmarking. Tne references section of this Handbook aiso provides
recommended literature on industry benchmarking, including the writings of
Ralm Camn and Snoandalini

I—lullll’ vuluy, CAr 1A Vrlvl INANIIE R

Measurement:

Continuous improvement requires data and knowledge to guide change. If you
want to improve, you must Kiow Where you are (paselining) and where you
f\f\llld hﬂ (honnhmarbinn\ Daonlininn e an anniratan ODC‘QOD'T\DI’\* f\{ wvnLr rirrant
vvuiu o \IJUI ivirnican i Iul. Qo Clinin IH 10O All AUVUUIALTY AoOoUOOINIvIIL VI ’UUI \YIC IR RVIREN
process. First, identify and gain a thorough understanding of your process

J
Next, measure and document your current process performance to establish
your baseline. Use the quality tools mentioned in Chapter 4 to analyze your
data. This baseline allows a starting point for comparing your process to similar

-

ones used by other organizations who are performing at a higher level.

How to Benchmark:

Dart of the manaoement process. The
on managements backlng and your flexnblhty Management will need to see this
as a means or tool to achieve the long term goals of the organization. You must
be willing to learn from others, recognizing your own accomplishments, yet
believing that you don't have all the answers and there is always room for
improvement.

anin with a commitment to dp\mlop and u
e su

AFMC recommends the Air Force benchmarking process which integrates the
best aspects of several models used in industry The following paragraphs
address each phase of the model depicted in Figure A2-21.



! Step 3 Contact Potential Partners

Step 4: Develop Prelimmary Data Coiiection Methods

Step 5: Conduct Site Visit

Step 1: Aggregate Data
Step 2: Normalize Performance

Step 3: Compare Performance

Figure A2-21. Benchmarking Process Steps®

nstitute Benchmarking Course; AFMC Instruction 90-301.

o
w



Plan

During the planning phase of the study, the benchmarking team is formed, the
scope of the study is determined, the specnflc process to be benchmarked is

3

GBTIIIGG, the areas 1 lmprovement opporlunlly are SGIGCIGO and IOpIC areas for
Anbn amllAaadicmem Ava Alafic .l ACAAN b mcdnlballabiad lann e~ lnes LAl o lnda
Gdta conectlion are aerninea. Ariviv nas estanisnea oencnmarking 1ocar points
writhin thna hnnf‘ﬂunﬁh ~n AirnAatArntne minnian alamanta AanA Aannh Aantar wiha
ywilini uic IUGU\.‘ IGIO UlTuVIAlTO, 1THODIVIT TITGITITIIWD, Adllu Taull UTIHILTE W1V
can provide assistance in initiating a benchmarking study. Team members
should have experience working with the specific process being benchmarked
and be knowledgeable of benchmarking techniques. Planning is tynically the

longest phase of the benchmarklno process, taking up to 50% of the study time.
The study must be scoped to ensure that the most critical sub-processes are
included. The specific process to be benchmarked must be clearly defined:
customers, inputs and outputs, process flows, activities, and measurements and
metrics must be identified and clearly understood. Once the process is defined,
it should be analyzed to determine constraining sub-processes--the areas that
offer the greatest opportunity for improvement.

V o 3N | PRy
L oliect

Data collection begins where planning ends: with the definition and approach for
measuring the specific process, a clear statement of the process and process
measures, the basis for comparison with others, and a method for analyzing
results. Next, potential benchmarking partners are identified. These can be
AFMC organizations or outside agencies and businesses that have similar
processes, and are recognized leaders in their field. The third step is to develop
preliminary data collection methods. Data collection should begin with internal
analysis of the process, including understanding historical trends, cause and
effects of past changes to the process, and cultural impacts on the process.
The next step in data collection is external research, which involves studying
exnsnng data on pmenual nencnmaerg partners and tnelr processes This step
icable to lhb‘ study.

aringhouses. AFMC

<8 QNG Y EeTR <:

command The flnal steo in the data collectlon ohase of the studv is the primary
investigation. During this step, the benchmarkmg team collects data dlrectly
from the benchmarking partner, through mailed questionnaires, telephone
surveys, or interviews/site visits. This step enables the benchmarking team to
investigate the specific practices and enablers that lead to superior
performance. The key to a successful primary investigation is preparation--it is
critical to the study that the benchmarking team understands what areas to
focus on during interviews and site visits.
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Analyze

During the analysis phase, you compare your process performance with the
benchmark to find the gaps and determine what magnitude of improvement can

be achieved. Data must be broken out by perrormance data and process

HESY P H g [ Y e PP P YRS PSP PN b~ mmen  bambiasm -

nmnuririauvil. rU||U”||d“bU Udtd revedio t”t’ gdp UchUb‘ll yUU d.”u lIIU
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meaningful, data must be normal zed between your organization and the
henchmark, tynically by setting ratios to make meaningful comparisons, such ag
cost per unit output; or revenue per employee. Once the data is normal!zed; it is
easy to compare your current performance to the benchmark's performance,
and define the gaps between the two. When the gaps are defined, cause and
effect diagrams and root cause analysis can be employed to determine why the

gaps exist, and how best to close them.

Adapt

Thn lmmd mbe mmm o€ e bemo o e el e s o £f ok P il ek e Al fean et mimh [ ol
1T1E IdS1 pliase 01 Uie DENCIHHTIdIRITIg 110U IS dUdpuiny uie improvelniieris iediiieu
Aririna tha abiidvy Thic nhaana imnvahina nacnacacina tha adantahilit Af tha Aanahlarae
Guiiing uic Swuldy. 10iS priaSc ifivaoiveS adSSTaSiiliyg uic alapiauiily Ui Uic Siiauicis
tn  vnirr nartirnllar Aaraanizatinn Invf tha hansrhmarkina toam miict
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g be u
communicate its findings to the stakeholders. The third step is to set goals for
closing the performance gaps, and develop an implementation strategy or action
plan for achlevmg these goals. Action plans must define the specific actions
required to change the current process to the new benchmark level of
performance. Communication must continue throughout the changing of the
process. Everyone involved must understand what changes are taking place
and why. Communication should also address changes impacting customer
satisfaction. Finally, recalibrate the benchmark and identify new benchmarking
opportunities.

_ e e~

Leveis of Benchim I“g

Benchmarking is an excellent approach to ascertain a company’s relative
strengths. By pitting your processes against others’, much can be learned
without reinventing the wheel. There are different levels of benchmarking
including:

Level #1: Your [organization, process, task, activity] versus [.] “b”

Level #2: Your |[.] versus the bestin another AF MAJCOM

Level #3: Your [] versus “Bestin DoD”

Level #4: Your [] versus “Bestin this class” -- outside the gate

Level #5: Your [.] versus the Bestin the World -- process vs. process

(not necessarily producing the same end-product)

One of the first places you should look for benchmarking comparisons is internal
to your own organization. Who is doing something similar, perhaps in a different
department or location? In AFMC, we have many "internal" opportunities.
Competitive benchmarking is another excellent source. Here the products and
services are similar, yet competitors' approaches may be different and provide
improvement insights. Customers can provide valuable awareness of why they
prefer certain product attributes of your competitors. instead of focusing directiy
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on the product or service, functional (e.g., warehouse operations, order
processing, package handling, etc.) comparisons can also support benchmarking
studies--even if the end products and services are very different. For example,
an aerospace company might benefit by benchmarking against L.L. Bean's (a
maii-order outdoor ciothing distributor) warenousrng process. Perhaps the most

— el e ol e e e . e e aa? e e af e e al.

OvVeriooOKea sources daire Yeneiic bOllldebO 15--1N0S IUII(.-II ns or d(a[IVI[leS fllal
e~ dha Anmn e lla ~l s Aiaai;mnilar dhha AvaAanicatiana (A~ lillinm smAvieall
are uic saillie lﬂydluldbb UI NOow GIiSSimiidi e vlyailicauviio (T.y., viiy, payivuii,
document processing, etc.).”

Your benchmarking comparisons invoive the entire organization, a process,
task, activity, “sub-process”, or step that has the hrghest opportunity for

H Py e § N mi: alvmcidad laal, ~d anicnvnl lam i Avmcm i ndi e~ Thalian dhhn e
miprovettieni.. 1 Ou SnouIa 100K dal sevei d| lb'dUlllg UlgdlllLdllUllb 1TdRe uic wliie
ta ronanarnh wuhna e ~aneaidarad ta ha tha indoiatrial laadnre anAd thair Arnmnatitare
VU 1TOo0aivil wiilv 10 VUIIIDIUTITU WV VT LIT HiIuuouiIal ITAQuUTiI o Aliu uivil vwilipouwvio
faor variniie antivitioe  Far 11e in AFNMC  thic incliidac talkina ta othar cantare tn
0T VaniDus aluviulo. 101 US i 7w iviv, uiio miuiuuss Wiy U VLS LEiRGis L

it is important to find out who does wh at pamcwarly weii so you can iearn from
them. Try not to merely copy what they do; rather it is more important o
understand what they do, how they do it, and why. Then look for ways to tailor
those ideas to your organization. If you are at a loss on how to modify or
improve what they are doing, there is nothing wrong with going ahead and

Most iikely no singie organization wiii have the exact formuia you can use--you
will conceivably need to pull many preces together from several organizations

e mncomrimmemlm aale | . PRy —~ ool b s namemm by alem I 1 | P -~
For exampie, when the automotive industry was having daifficuity figuring out
haware A ranidlhs Aanlav airkha~nae anmanna libanad 8 3Aa an Aavnlaciann Thiec idan
HUW WV Tapiuly UTPIVY allvays,; SUVIHTITUIHT TINTIHITU 1L WV all TAMIVOIVIT. 1o uca
oavantiialhy lad tham tn a2 Aaranada manifartiirar thiie hrinaina hwa diccimilar
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Benchmarking is an iterative process--you don’t become the best overnight or

S e b o W S, [ 'Y

Dy DéﬂCﬂmarKlng one [lme Tor a Slngle Improvemenl rnererore, |[ ISNT red“S“C
that you can instan ta neously do exauuy as the world’s best does--you need o

e ping S
Becomrng the best should be your goalI Remember many benefits can be
gained by the general ideas and principles of benchmarking--even if you can't

apply the theory and techniques exactly.

7 - N
"Camp, Robent C. Benchmarking--The Search for Industry Best Practices that Lead 1o Superior Performance. ASQC Quality Press, 1989.
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Action Plan « See Improvement Strategy.

Actl ity Segments of processes that, when coordinated, could add up to a

Benchmarking o A reference point established by the performance or success
of the "ieading® organization within an “industry” that can be used as a
comparison point for other organizations in the same "Industry." This becomes

PR e —aA

lllb' Ib‘Vb‘I UI pt}llUlllldllbe Ul”tﬂb sulve to attain.

Best Practices e Closely related to benchmarks, these are the state-of-the-art
process execution practices.

Cause and Effect Diagrams e A diagram that graphically illustrates the
relationship between a given outcome and all the factors that influence this
outcome. Also called Ishikawa or Fishbone Diagram.

Center Metrics e These metrics track progress toward specific local objectives.
In addition, centers will have metrics which support mission element metrics and
objectives via the strategic planning process. They are reviewed routinely as
part of local decision-making and the strategic planning process; serve as a
basis for local process improvement actions; and reflect center-level
contributions to MEB(s) supporting objectives. Center metrics and their
corresponding improvement strategies (action plans) must support the overall
mission eiement and command objectives whiie avoiding sub-optimization.

Check Sheet e A simple form used to collect data in an organized manner.

Command Metric ¢ Command metrics measure progress toward our command

objectives and reflect our overall command health. Command metrics are
r’\ll;ﬁlllﬁf‘ raYsl ~ rt\ﬂlllﬂf L\ﬁn;n k\l nr\n;nr Innf‘nrnh:n lll\llﬁ'l\l k\l *l‘\f\ f\nmmnnfl
ICVITVWTU Vil a Icyuial vadsio Jy OJTINvI ITauciollip, uall vy uic uwulliiiaiiu
Raard at aarh HORIZONS ~Annfarancra Cammand matrice nravida a view nf
UdIJ; Al VAUV 11V IVETYD vulrliviviive. viiniialnivu nniviinivo PIUVIUU A vViIvYYy Vi
the overall command with a cross-mission element perspective so that senior
leaders can guide the strategic direction of AFMC. Command metrics may be
comprised of individual mission element metrics elevated for command review
Command-Levei Meirics e These are meirics deveioped at HQ AFMC,
recurring data requests from HQ AFMC requiring data from the field,
Antalrnnatei Ao ianAd taA manaiira tha SialAd'a AArfArrmanAan nndlar Antalennteias
Gaildyimetwrics usSea 10 medasure e r1ieias peliviilialive, allwul uata/iiicuivo
hriafad ahAava WO AENCD Alrnt\bnrol’no anA ctaff Affinne Nammand_laval matrice
MIITICU AQUUVD 11N AL IV JAlEouvivialco aliu oslall ViHivoo. WVVHINTIAQIIJTIGVOI HIGUIvo
do not include internal HQ AFMC directorate/staff metrics provided they do not
task or report on offices outside of that directorate.

Common Cause ¢ A source of variation that is aiways present; part of the
random variation inherent in the process itseif.
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Control Charts ¢ A tool used to analyze process variability over time. They
measure the process in a time dimension and show movement toward or away
from an average. Control charts have statistically calculated upper and lower
control limits. Tool is most appropriate where change is undesirable, e.g., in the
mass production of uniform products.

Control Limits (Upper (UCL) & Lower (LCL)) e Mathematically derived limits
that represent upper and lower "bounds" for processes. There are alternative
methods to calculate these; typically they are +/- three standard deviations from
the mean. Control limits are used to help differentiate between common and
special causes. Do not confuse these with customer expectations or product

specifications.

Customer ¢ An organization's customer is the entity (individual or organization)
that rpmnrpq a nmdur‘t or service that can be nm\ndpd hv the nmqnpqhnn_ The

To YLoLSLL VVILTS My LQuss

customer can be internal or external to AFMC Normal!v metrics will focus on
the products and services provided to customers external to AFMC, but
recognize that your customer may the next person in your own process, i.e.,

internal to AFMC.

i i + th
Data Providers e These are the organizations tasked to collect and submit the
data supporting a metric; usually they are located at the point of data origination

or process activity.

Executive information System (EIS) e Executive information for decision-
making and quick status review. Menu-driven software displaying command-
ievel metrics. The Metrics Registry is aiso accessed through the EIS.

Fishbone Diagram e See "Cause and Effect Diagram."

t « A graphic, structured representation o

"4Ms" e Major categories often used to build a Cause and Effect Diagram:
Methods, Manpower, Material, Machinery.

"4Ps" e Major categories often used to build a Cause and Effect Diagram:

People, Procedures, Polumes, Plant.
Goai e A statement describing a desired future condition or change.

Headquarter's Directorate Metrics ¢ These metrics track progress toward
specific local objectives. In addition, centers and headquarters directorates and
staff offices will have metrics which support mission element metrics and
objectives via the strategic planning process. They are reviewed routinely as
part of local decision-making and the strategic planning process; serve as a
basis for local process improvement actions; and reflect center-level
contributions to MEB(s) supporting objectives. Both center and headquarters
directorate metrics and their corresponding improvement strategies (action
pians) must support the overail mission element and command objectives whiie

dVUIUIIIg sub- OpIIIIIIZdIIOH

Histogram e A bar chart used to depict the average and variability of a data set.
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Improvement Strategy e Each metric should have an improvement strategy
(like an action plan) that identifies a continuous improvement philosophy for that
metric. This includes identifying what behavior is desired, what actions are
being taken to achieve improvement, and evaluations of progress. Included as
part of the metric's operational definition.

Ishikawa Diagram e See "Cause and Effect Diagram."

Metric ¢ A measurement taken over time, that communicates vital information

- ~ Ll

about a process or activity. A metric shouid drive appropriate action and must
be linked to the strategic planning process. The foremost purpose of the metric
is to impel continuous improvement.

®

lements that physically make up a metric: (1) An

Metric Package ¢ Three
( Measurement and data recording, and (3)

operational definition,
Improvement Strategy.

2

~—

Metrics Registry e A central repository of current and proposed HQ AFMC
metrics and those field metrics that directly provide data to HQ AFMC in support
of headquarters-level metrics. The registry is accessed through the Executive
Information System (EIS).

Mission Element Metrics ¢ Those metrics established by each AFMC Mission
Element Board (MEB). These metrics support the command objectives and
metrics by measuring progress toward each MEB's specific mission element
supporting objectives. They serve as a basis for process improvement at the
mission element level and as a source of data for action pians and issues that
must be elevated for command level deliberation. Mission element metrics are

41 ~A + th I UNDI7ZNANIC AA H
reviewed at MEB meetings and at their respective annual HORIZONS. Mission
element metrics provide a cross-functional (headquarters directorates and
centers) perspective of the mission element's contribution to the command goals

Mission Eiemenis e General categories for responsibilities within the
command. These categories are broadily related to command mission areas.
There are presently five mission elements identified: Program Management

~ Ahindiam ITOECY QaAinman ArmeA Tanbheoala~n, /IQO0TY DAanan
(PM), Test and Evaluation (T&E), Science and Technology (S&T), Base
Operating Support (BOS), and Support and Industrial Operations (S&IO).

Objective « A more specific statement supporting one or more goals. It
describes the desired future condition or change in terms more specific to a
particular area.

Operational Definition e A detailed, unambiguous definition that provides
enough information to allow consistent, repeatable, and valid measurement. An
important component is the Improvement Strategy. See Attachment 1 for

details.

Outcome = Perspective of the result from the entire mission-customer-product-
process relationship. Provides bigger picture than just "output." For example, in
building an aircraft weapon system, an output perspective would typically focus
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on how many aircraft were produced. In contrast, an outcome perspective
would encompass the total, resulting capability those aircraft have--not just the
number of aircraft, but also spare parts, support equipment, technical orders,
training of people, etc. and how they work together as a system to meet the
customers' requirements/expectations.

Output « The product, material, service, or information provided to customers.
Typically is limited to a count of activity focus, i.e., how many made, number
served, etc. An output perspective is susceptible to sub-optimization because it
often does not include the whole system. See Outcome.

Pareto Chart ¢ A type of bar chart used to separate the "vital few" from the
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"trivial many." Based on the Pareto Principal which states that 20 percent of the
problems have 80 percent of the impact.

Process ¢ Any specific combination of resources such as machines, toois,
methods, materials, suppllers and people employed to attain specnflc character-
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istics in a product or service. The process is typically described in terms of
dependent tasks or activities which occur in a particular sequence

Process Owner o An individual who is directly accountable for providing a
specific product/service to the customer(s). A process owner may support
customers internal to AFMC; however, he/she must subjugate the process to
the end item process owner who provides a product/service to external AFMC
customers.

Product e Result of a process. This may be goods or services.
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eatures ana characteristics of a product or service that bear on its
ilidys & /) Ard Ar imaliad AriatAarmAar nanAe
ability to satisfy stated or implied customer needs

Quality Air Force (QAF)  The Air Force approach to total quality management:
a leadership commitment and operating style that inspires, trust, teamwork and
continuous improvement everywhere in the Air Force. QAF employs a myriad of
management concepts and techniques proven in both Air Force and private
sector world class organizations. Air Force |mplements QAF usmg a customer

driven, comprehensive management system approach as described by the QAF
criteria

Quality Air Force (QAF) Criteria e Based upon the Malcolm Baldrige National
Quality Award criteria, these provide a framework for evaluating and improving
our processes and management systems for improved customer and mission
support. The criteria address all elements of a management system including
leadership, information and analysis, strategic planning, human resource
deveiopment and management process management, resuits trend data, and

customer lBIdlIUIIbIIIp Illdlldgﬁ"lﬁ”[

Range « The difference between the smallest value and the largest value in a
data set.
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is most
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metric OPR to ensure that each metric is the right metric: beneficial to them,

in processes.

7

between variables.

Statistical Process Control e The appiication of certain statistical techniques

Stable Process e A process in statistical control; term is used with reference to
metrics ‘gVJ’rocre?sé.” The stékeholrdérs"primarv resbbhéibilitv is to work with the

Scatter Diagram e A type of graph used to reveal the possible relationship
the control chart technique.

adds value, and drives the right behavior.
for measuring and analyzing the variation
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appropriate where change is undesirabie, e.g., in the mass production of
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responsibility for quality and a quest for continuous improvement in products,

working environment that fosters and nourishes a personal accountability and

z

7

z

A leadership philosophy, organizational structure, and

7
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services, and processes.

Task e Specific activity necessary in the function of a system or an organization.

TQ e« Total Quality.

L

uniform products.
Subgroup ¢ One or more data points rationally grouped. Subgroups are used

in control charts.
User e An external organization or person who uses the final product or service.
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Iin order to maintain and improve our Handbook, we need your feedback. Please
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improvements, changes, additions, or any other matters concerning the
Handbook. Please remove this sheet, add your comments, fold over, tape closed,
and mail.
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DSN:
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